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Investigate 
the widest 
variety of 
openings in 

recent years 


at the 
Knolls Atomic 
Power Laboratory 


For the first time in recent 
years, current openings here 
extend into disciplines gen- 
erally considered outside of 
the traditional nuclear 
areas. As a result, excellent 
opportunities exist today for 
men interested in entering 
the nuclear field for the first 
time, as well as for recent 
graduates, and of, course, ex- 
perienced nuclear engineers 
and scientists. If you’ve been 
thinking of exploring pro- 
fessional opportunities at 
KAPL, we _ suggest you 
make your initial inquiry 
today. 


CURRENT OPENINGS 


Reactor materials 
development 
Process development 
metallurgy 
Materials irradiations 
experiments 
Materials quality control 
Mechanical metallurgy 
Metallography 
Applied ceramics 
Mass spectrometry 


U. S. Citizenship required 


Forward your resume in con- 
fidence, including salary require- 
ment. Please also state your job 
interests Address: Mr. A. J. 
Scipione, Dept. 38-MK. 


GENERAL @® ELECTRIC 
Schenectady, New York 
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personnel 


@ These items are listings of the Engi- 
neering Societies Personnel Service, Inc. 
This Service, which cooperates with the 
societies of Civil, Electrical, Chemical 
Mechanical, Mining, Metallurgical, and 
Petroleum Engineers, is available to all 
engineers, members and non-members, 
a is operated on a nonprofit basis. uf 
you are interested in any of these list- 
ings, and are not registered, you may 
apply by letter or resume and mail to the 
office nearest your place of residence, 
with the understanding that should you 
secure a position as a result of these 
listings you will pay the regular em- 
ployment fee of de, of the first year’s 
salary if a non-member, or 4% if a 
member. Also, that you will agree to 
sign our placement fee arrangement 
which will be mailed to you immedi- 
ately, by our office, after receiving your 
application. In sending applications be 
sure to list the key and job number. 

@ When making application for a po- 
sition include eight cents in stamps for 
forwarding application to the employer 
and for returning when possible. 


—MEN AVAILABLE— 


~All those listed under “Men Avail- 
able” have membership in the AIME. 


Metallurgical Engineer with M.S., 
P.E., and more, age 32. Ten years 
diversified supervisory experience 
in missile and process equipment 
industries, and consulting. Know 
high-and low-temperature alloys, 
ultra-high strength steels, fabrica- 
tion, welding, codes. Desire connec- 
tion with firm having dynamic 
leadership seeking new areas of en- 
deavor. M-218. 


Metallurgical Engineer; B.S. Met., 
age 35. Copper and brass rolling 
mill experience, plus steel and alloy 
forgings, malleable and grey iron 
sales engineering, and nonferrous 
foundry management included in 
10 years of experience. Desire posi- 
tion in metallurgical and/or sales 
engineering. Prefer Midwest. M-997 
Chicago. 


Production Superintendent; Met E., 
age 32. Six and one-half years as 
head of smelting and refining com- 
pany dept. doing gold, silver re- 
finery, sheet lead and casting. Duties 
including lab assay, safety, person- 
nel, design, and labor management 
contacts. Prefer San Francisco bay 
area. S(M)-583. 


A weekly bulletin of engi- 
neering positions open is avail- 
able to AIME members at a 
subscription rate of $3.50 per 
quarter or $12 per annum; 
$4.50 per quarter or $14 per 
annum for nonmembers, pay- 
able in advance. Local offices 
of the Personnel Service are at 
8 W. 40th St., New York 18; 
57 Post St., San Francisco; and 
29 E. Madison St., Chicago 1. 


Operations Engineering; EM, Met, 
age 45. Extensive experience in field 
work, laboratory, design, operation 
of flotation, gravity chemical plants, 
sales engineering, and management. 
$800 up. Prefer West, Foreign. 
S(M) -802. 


Construction Engineer; ME(Scot- 
land), age 45. Twenty-three years in 
charge of sales, engineering, design, 
contracts, and estimates for steel 
mill construction, furnaces, and 
cranes. Two and one-half years as 
industrial engineer for box manu- 
facturer, in methods, time study, 
plant and tool design; 1% years 
civil, mechanical, and_ electrical 
maintenance at bronze casting and 
forgings plant. Prefer West Coast 
S(M)-1629. 


Mill Foreman; EM, age 46. Two 
years as mill shift foreman over 
crushing, grinding, classification, 
flotation, concentration, and cyani- 
dation of lead, silver, and zinc ores. 
Eight months asst. mine supt. on 
development and underground and 
surface exploration; 3% years in as- 
say, mill, as mine shift boss in silver, 
copper, gold mines. $600. Prefer 
Calif. S(M)-463. 


Metallurgist; Met E, age 41. Two 
years as consulting mining and 
metallurgical engineer doing exam- 
ination, reports, and studies on non- 
ferrous minerals, heavy aggregate 
field. Four and one-half years as 
metallurgist in construction of plant, 
ore dressing, and operation of uran- 
ium, lead, copper smelting; 2% 
years in charge o* development for 
mining beneficiation of phosphate 
rock, and process changes of titan- 
ium chemical and reduction plants. 
One and one-half years as plant 
supt. over production, materials 
handling, and equipment for gyp- 
sum processing. $10,500. Prefer 
West, Northwest. S(M)-207. 


Mine Metallurgist; ChE(Canada), 
age 47. Seven years as manager 
responsible for quality of metallur- 
gical engineering with consultants 
and designers; 2 years as director of 
research for mine, mill, smelter. 
$15,000. Prefer West. S(M)-104. 


—POSITIONS OPEN— 


Sales Engineer; metallurgical or 
mechanical engineering graduate 
with sales experience in fine wire 
and alloy fields. Considerable travel- 
ing. Salary, $8000 to $12,000. Head- 
quarters: New York. W8016. 


Met E or MLE. for design and de- 
velopment of small threaded metal- 
lic fasteners in aviation products. 
Salary, to $6600. Location: Midwest. 
W8008(a) 


Engineers for research and de- 
velopment dept. a) Project Leader, 
forging development; Met E or M.E. 


(Continued on page 714) 


Your best move is to UNITRON... ne 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 


UNITRON’S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and 
mechanical design . . . unique and convenient 
operational features . . . budget prices . . . 5 


free trial period — these, together with 
proven performance are the reasons why .. . 


THE TREND IS TO UNITRON! 
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80-ton trailer hauls 5 times its own weight! 


LeTourneau-Westinghouse designed this bottom- 
dump hauling unit to carry the greatest payload 
with the least possible empty weight. The trailer 
weighs only 15's tons but will haul a whopping load 
of 80 tons or more. This gives it an extremely high 
ratio of payload to weight and makes the unit most 
economical on fuel, tires and other operating costs. 
The trailer differs radically in design from conven- 


tional units. Much of the body is built from USS 
MaAn-TEN Brand High Strength Steel to save 
weight. Sides are corrugated \-inch MAN-TEN 
having the equivalent bridge strength of *- 
inch carbon steel. Wear plates on the front and 
back slopes are “s-inch MAN-TEN to assure high 
resistance to abrasion and impact. The highly 
stressed rear-axle assembly was built with USS 
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Mr. Big hauls as much coal as 1% railroad cars but weighs less than most 50-ton capacity trucks. USS Special Steels make the difference. 


... built from @ss)MAN-TEN and Steels 


“T-1” Constructional Alloy Steel which has an 
extra high yield strength of 100,000 psi. 

This combination produced a tough wear-resist- 
ing unit that would take the beatings from coal or 
rock. Both steels saved weight and resulted in a 
payload increase of 10 tons over conventional con- 
struction. In 21,000 miles of operation, no sign of 
structural weakness or body fault has been observed. 


Design equipment with USS Special Steels . . . 
Man-TEN for strength with economy, Cor-TEN for 
strength with superior corrosion resistance, TRI- 
Ten for strength with toughness and “T-1” for 
extra high strength and impact abrasion resistance. 
For more information, write to United States Steel, 
525 William Penn Place, Pittsburgh 30, Pa. 


USS, MAN-TEN, COR-TEN, TRI-TEN and "T-1" are registered trademarks 


United States Stee! Corporation — Pittsburgh 
American Stee! & Wire — Cleveland 
Columbia-Geneva Stee! — San Francisco 

Tennessee Coal & iron — Fairfield, Alabama 

United States Stee! Supply — Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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with about 5 years experience in 
closed die forging and forging die 
design. Must be able to direct all 
phases of forging development pro- 
ject. Will development tools and 
techniques for production of closed 
die press forgings in a variety of 
metals. Salary, to $8500. Location: 
Mich. b) Association Research 
Metallurgist with Met E and strong 
background in physical metallurgy 
(advanced degree preferred). Ex- 
perience with aluminum alloys de- 
sirable. Must be able to plan and 
conduct investigations involving the 
constitution and structure of non- 
ferrous alloys and their relation to 
properties. Will investigate effect of 
composition, processing, and struc- 
ture on properties of copper and 
aluminum-base alloys. Salary, to 
$8500. 3) Assistant Research Metal- 
lurgist with Met E and about 2 years 
experience in research or related 
work. Graduate credits in physical 
metallurgy helpful. Must have in- 
terest in physical metallurgy and al- 
loy development. Will conduct in- 
vestigations involving development 
and testing of copper and alum- 
inum-base alloys. Salary, to $7500. 
Location of b, c: Conn. W7991. 


Metallurgical Engineer; recent 
graduate for development work 
with a number of rare alloys that 


With infinitely variable speed over a wide range it is 
possible for the operator to select the exact speed 
desired for the particular sample at hand. The complete 
speed range is controlled by turning a knob. No crank- 
ing is required to change speed, no belts, pulleys or 
mechanical clutches are used, eliminating the source 
of most vibration present in other variable speed polish- 
ers. The electronic control is accomplished through the 
use of only one vacuum tube and the complete elec- 
tronic circuit is mounted on a 4” x 4” panel easily 
accessible on the outside of the motor. 


The 1851 Polimet series is furnished in the Buehler 
steel polishing tables, finished in silver gray hammer- 
tone. The top and edges of the table are black formica. 
One, two, or three unit tables are available. 


Buchlar Lid. 


714—JOURNAL OF METALS, NOVEMBER 1959 


are completely processed at com- 
pany plant. Plant has excellent 
metals processing facility. Location: 
Pa. W7974. 


Junior Metallurgist with ore 
dressing background for mining 
operation. Location: East. W7967. 


Management Personnel. a) Man- 
ager of product and process develop- 
ment in an electrominerals div. 
Graduate Met or ChE with experi- 
ence in mineral dressing, ferrous 
metallurgy, and ark furnace tech- 
nology. Salary, $10,000 to $12,000. 
b) Manager of research for a bonded 
abrasives div. Ph.D. in chemistry, 
physical chemistry, ceramics, or al- 
lied fields, with some experience in 
working and supervising in applied 
research. To establish and operate a 
small research group. Salary, $10,000 
to $12,000. Location: N. Y. state. 
W7946. 


Consulting Engineer; metallurgist 
with wide experience in copper 
smelting and refining and familiar 
with operations and engineering in 
various copper producing areas of 
the world. Will provide technical 
direction for metallurgical plant de- 
sign and construction, technical as- 
sistance to operating smelters and 
refineries, and operating smelters 
and refineries. Will also handle de- 
velopment work for new methods. 
Must be top-notch with broad ex- 
perience. Some travel. Salary, open. 
Location West. W7906. 


Metallurgical Assayer with prim- 
ary interest in laboratory test work. 
To make complete and original in- 
vestigations of metallurgical prob- 
lems. Some operating experience 
desirable but not essential. Experi- 
ence in test work should be exten- 
sive in flotation and hydrometal- 
lurgy. Married man accepted, but 
single man preferred. Salary, $7200, 
plus usual benefits provided by local 
law. Location: S. America. F7865. 


Junior Engineer in metallurgy or 
recent graduate for engineer trainee 
position at pit copper operations. 
Salary, open. Location: Southwest. 
W7840S. 


Sales Engineer experienced in 
sales and/or application, service, 
and operation of heavy equipment. 
For unit processes in chemical, 
metallurgical, and non-metallic in- 
dustries. Salary dependent upon ex- 


perience. Traveling Midwestern 
states. Headquarters: Chicago. 
C7709. 


Welding Engineer. Graduate quali- 
fied in automative machinery, and 
welding. Must have complete know- 
ledge of practice, machinery, and 
equipment as applied to steel, alum- 
inum, titanium, magnesium, and a 
great variety of metals. Must be able 
to determine and set up appropriate 
welding procedure and issue in- 


(Continued on next page) 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 


A NEW NAME IN 
METALLOGRAPHIC POLISHERS 
VARIABLE SPEED—100-1200 r.p.m. 

QUIET OPERATION 

VIBRATION FREE 

EASY CONTROL 

HIGH TORQUE—'2 h.p. 

AVAILABLE IN 1, 2 or 3 UNIT TABLES 


INTERCHANGEABLE BALANCED WHEELS 
VITREOUS FINISHED, EASY TO CLEAN BOWL 


ot e 
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struction to production personnel, as 
well as advise plant engineer in 
maintaining equipment. For a 
manufacturer. US citizen. Salary, 
$9000 to $12,000. Location: San 
Francisco peninsula. S(P)-4695. 


Metallurgy Consultant with wide 
experience in copper smelting and 
refining. Should be familiar with op- 
erations and engineering in copper- 
producing areas throughout the 
world. Will provide technical di- 
rection for metallurgical plant and 
design construction. Also technical 
assistance to operate smelters and 
refineries, and handle development 
work for new methods. Must be top- 


new books 


Books that are marked (@) 
may be ordered through AIME 
Address Irene K. Sharp, AIME 
Book Dept., 29 W. 39 St., New 
York 18 N. Y. A discount is 
given whenever it is possible 


The Mechanical Properties of Cer- 
tain Aircraft Structural Metals At 
Very Low Temperatures, R. L. Mc- 
Gee and others, No. PB 151459, Of. 
fice of Technical Services, US Dept. 
of Commerce, Washington 25, D.C., 
63 pp., $1.75, 1958—Mechanical pro- 
perties of nine structural metals 
were evaluated to aid in selection of 
materials for very low-temperature 
applications in aircraft and missiles. 
Tests to —253°C. were conducted. 
Alloys tested were 17-7PH and AM- 
350 stainless steels, AISI 4340 and 
Tricent steels, 7079-T6 aluminum, 
ZK60A-T5 magnesium alloys, and 
ALLOAT, C110M, and 6AlI-4V ti- 
tanium alloys. 


Steel Production, Vol. II of a three- 
part series on The Manufacture of 
Iron and Steel, by G. Reginald Bash- 
forth, second edition revised, Chap- 
man & Hall Ltd., London, 390 pp., 
Approx. $5.70, 1959—Vol. II of this 
series on iron and steel manufactur- 
ing takes up the subject of steel 
production. Vol. I, preceding this 
one, was on Iron Production; Vol. 
III, currently in preparation, will be 
on Fuel, Furnaces and Refractories. 
Designed as both a student text and 
a basic reference book for the in- 
dustrialist, the book has been ex- 
tensively revised from its first pub- 
lication in 1951. Rounding out the 
work are chapters on Blister, Shear, 
and Crucible Steel; The Bessemer 
Process; The Acid Bessemer Proc- 
ess; The Basic Bessemer Process; 
Side-Blown Converter Practice; 


(Continued from page 716) 


notch, with sound economic sense, 
and be capable of contact work 
under variety of circumstances, 
including top management. Sal- 
ary, commensurate with experi- 
ence. Headquarters: Mountain states. 
S(P)-4660. 


Hydrometallurgist; Met or EM. 
Should have primary interest in lab 
test work. To investigate extensive 
metallurgical problems in flotation 
and hydrometallurgy. Knowledge of 
Spanish. Single preferred; married 
acceptable. For mining company. 
Salary, $600, plus benefits. Location: 
S. America. S(P)-4647. 


Specification Writer with metal- 
lurgy degree. Must have five to ten 
years experience, including first- 
hand knowledge of engineering so- 
ciety and military standards and 
specifications systems encountered 
in procurement, identification, test 
of materials, and components of 
standard items in alloys and exotic 
materials. US citizenship for at 
least 10 years and be qualified to 
satisfy class “Q” clearance require- 
ments. For laboratory operation. 
Salary, $625 to $775. Location: San 
Francisco East Bay. S(P)-4623-R. 


Research Engineers with B.& or 
M.S. in MetE or welding and ex- 
perience in fabrication of ferrous 
and nonferrous light metals. a) One 
with special experience in joining 
problems (welding, brazing, solder- 
ing); b) another with special experi- 
ence in metallurgy of magnesium 
castings. Work with metallurgical 
and metal finishing group. Salary, 
open. Location: Los Angeles county. 
S(P)-4580-R. 


USE the SERVICES of 
THE ENGINEERING 


SOCIETIES LIBRARY 


29 West 39 Street, 
New York 18, N. Y. 


METALLURGISTS, Graduate me- 
tallurgists with up to three years 
experience. To work in the quality 
control laboratories of a_ well- 
known aircraft and commercial 
forging company. Materials range 
from light metals including ti- 
tanium through high temperature 
and refractory metals. Diversified 
physical metallurgical problems in- 
cluding development work on the 
effect of forging variables and heat 
treatments on room temperature 
and elevated temperature proper- 
ties of various alloys. Location, 
New England. 


Box 15-JM 


PHYSICAL 
METALLURGISTS 


Expanding programs at the 
Armour Research Foundation 
require the services of two 
physical metallurgists. Prefer 
personnel with Ph.D or M.S. de- 
grees, but will consider B.S. de- 
gree personnel with proven 
record of accomplishment. 
Challenging problems will en- 
able you to contribute to the 
full extent of your ability. Im- 
aginative thinking is highly 
valued. 


Opportunities exist for writing 
and presenting papers to en- 
hance your professional reputa- 
tion. Advanced study and/or 
teaching opportunities are 
available. Exceptional benefits 
supplement interesting com- 
pensation. 


Technical areas of current in- 
terest include Phase Diagrams, 
Transformation Kinetics, Solid- 
ification Studies, Solid Solution 
Strengthening, Mechanisms of 
Fracture, Stress Corrosion, Fi- 
ber Metallurgy, Dispersed 
Phase Activities, and High 
Temperature Alloys. 


If you are an experienced re- 
search metallurgist interested 
in and qualified for any of the 
above technical areas, send a 
complete resume to: 


A. J. Paneral 


ARMOUR RESEARCH 
FOUNDATION 


of Illinois Institute of 
Technology 


10 W. 35th St. Chicago 16, Ill. 
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BOOKS 
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The Open-Hearth Process; The Acid 
Open-Hearth Process; The Basic 
Open-Hearth Process; Electric Fur- 
naces, Ingots and Ingot Production; 
Modification of Steelmaking Pro- 
cesses; The Manufacture of Some 
Special Types of Steel; and The 
Physical Chemistry and Thermo- 
dynamics of Steelmaking. e¢ 


Molecular Science and Molecular 
Engineering, edited by Arthur R. 
Von Hippel, John Wiley & Sons, Inc., 
New York, 446 pp., $18.50, 1959— 
This third and final volume in a 
series on modern materials research 
is co-published by the Technology 
Press of M.L.T. and John Wiley and 
Sons, Inc. Author Von Hippel, an 
M.1.T. professor, introduces. the 
volume and traces science in all 
its stages, from classical to mole- 
cular eras, through the arrange- 
ment of its succeeding chapters. 
Contributions by top men in their 
respective fields make up the bulk 
of the book, which is designed for 
the professional scientist and engi- 
neer. From macroscopic origins, the 
volume moves to an examination of 
atoms and molecules and the be- 
havior of charge carriers in gases 
to the formation and structure of 
condensed systems; and on to di- 
poles and their spontaneous align- 


ment in ferroelectrics and ferro- 
magnetics, until its summation re- 
garding ions and electrons in li- 
quids and solids. e 


The Heat-Treatment of Steel, by 
Edwin Gregory and Eric N. Sim- 
ons, Second Edition, Sir Isaac Pit- 
man Sons, Ltd., London, 381 pp., 
1958—This second edition of the 
previously published work has been 
extensively rewritten, and in some 
cases amplified. All phases of heat 
treatment are discussed, including 
pyrometry, furnaces, atmosphere 
control, and quenching media. Heat 
treatments of the different classes of 
steel are also described, as are 
austempering, martempering, and 
sub-zero treatment. e 


Analysis of Electroplating and Re- 
lated Solutions, by Kenneth E. Lang- 
ford, Second Edition, Robert Draper, 
Ltd., Teddington, Middlesex, Eng- 
land, 423 pp., $9, 1958—Forty new 
methods for determining principal 
constituents and impurities of elec- 
troplating solutions have been 
added to this revised edition. Over 
300 methods are included altogether. 
Chapters are also included on sampl- 
ing . . . the control of cleaners... 
analysis of plating salts and water 

. . the physical and physico-chemi- 
cal methods of analysis ... and 
the preparation of standard solu- 
tions for volumetric analysis. The 
new methods of electroplating ana- 


experience, to: 


RESEARCH METALLURGISTS 


For Fundamental and Applied Research in Physical Metallurgy. Con- 
siderable latitude in choice of projects is provided and individual 
choice is encouraged. Areas of broad interests include high tempera- 
ture alloys, semi-conductors and abrasion resistant materials. Ideal 
spot for Ph.D.’s with several years’ experience and the desire to 


achieve success through personal initiative in research. 


Write, giving details of educational background and prior work 


J. C. Schroeder 


Employment Section C 


Allis-Chalmers Mfg. Co. 


Milwaukee 1, Wisconsin 
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lysis are based on the use of ethy- 
lene diamine tetra-acetic acid. ¢ 


Vector Space, by Martin J. Buerger, 
John Wiley & Sons, 440 Fourth Ave., 
NYC, 347 pp., $12, 1959—The author, 
Prof. of Mineralogy and Crystall- 
ography, MIT, has undertaken a 
systematic analysis of vector space 
and its application to crystallo- 
graphy. Dr. Buerger deals with 
crystals of limited complexity; a 
general knowledge of _ crystal 
structure analysis is assumed, how- 
ever. The author had felt the need 
for a more complete treatment 
cf the subject of vector space ever 
since the successful solution of 
Patterson syntheses for the approxi 
mate electron densities of crystals, 
thus the reason for its publication. 
Some of the book’s material had 
been previously published in his 
journal articles. e 


Physical Metallurgy, by C. Ernest 
Birchenall, McGraw-Hill Book Com- 
pany, Inc., New York, 323 pp., $8.50, 
1959—Written by another AIME 
member, an associate prof. of chem- 
istry at Princeton University, the 
book attempts to unify all aspects 
of its subject, going into detail about 
specific metallurgical processes and 
providing problems and illustrations. 
Written for the advanced under- 
graduate in engineering or science, 
the scientific rather than the engi- 
neering content of the subject has 
been emphasized—physical metal- 
lurgy being treated as the applica- 
tion of physical and chemical 
principles to the study of metallur- 
gical materials. Recent developments 
in dislocation theory are used in 
connection with deformation and 
crystal growth phenomena. Solidifi- 
cation, ingot formation, and zone 
melting are presented in modern 
form. The treatments of diffusion in 
metals and oxides, recovery, and 
age hardening are also based on 
recent work. e 


1958 Book of ASTM Standards, 
American Society for Testing Mate- 
rials, Philadelphia, 1959—At least 
three of the ten volumes that make 
up this compendium of standards 
are of particular interest to metal- 
lurgists. 

Ferrous Metals Specifications (Ex- 
cept Test Methods) gives 290 stand- 
ards among its 1620 pp. Its list price 
is $12. Part two, Non-Ferrous Metals 
Specifications (Except Test Meth- 
ods) Electronic Materials, lists 251 
standards for aluminum, copper, 
nickel, lead, and other metals among 
its 1386 pp. Price of this volume is 
$10. Methods of Testing Metals (Ex- 
cept Chemical Analysis) comprises 
the third part of the standards 
series. Approximately 119 standards 
are enumerated within its 992 pp. 
The volume is also priced at $10. 
Each part of the cloth-bound series 
has a detailed index, table of con- 
tents, and numeric list of stand- 
ards. e 
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The fastest dissolving low-carbon ferrochrome for stainless steel 

is new SIMPLEX ferrochrome. Ideal for use during slag reduction or 
finishing, the alloy penetrates the slag easily and provides rapid 
cooling of the bath. Its carbon level is so low—0.010 or 0.025 percent 
maximum carbon-—that additions generally lower the bath carbon 
content. And it is one of the lowest priced low-carbon ferrochromes 
available. 

Ask your UNION CARBIDE METALS representative for additional 
information about this unique new alloy. 

UNION CARBIDE METALS COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N. Y. 

In Canada: Union Carbide Canada Limited, Toronto. 


The terms “‘Electromet,”’ “Simplex,” and “Union Carbide” are registered trade marks of Union Carbide Corporation. 


For more facts on 
write for this new ; 
six-page SIMPLEX 
ferrochrome folder. 


UNION 
METALS 


Electromet Brand Ferroalloys 
and other Metallurgical Products 
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1959 ELECTRIC FURNACE PROGRAM 


CONDENSED PROGRAM 


Sponsored by the Electric Furnace Committee of the Iron and Steel 
Division, The Metallurgical Society of The American Institute of 


Mining, Metallurgical, and Petroleum Engineers 


Cleveland Hotel, Cleveland — December 2, 3, and 4, 1959 


8:30 am 
9:30 am 


9:45 am 


2:00 pm 


2:00 pm 


2:00 pm 


9:30 am 


WEDNESDAY, DECEMBER 2 


Registration 


Opening Session 
Welcoming remarks; announcements 
and reports. 


Joint Technical Session— 
Consumable Electrode Melting 
Electrical behavior of consumable elec- 
trode AC arcs in variable pressure 
systems; occurrence of instability phe- 
nomena in the reduced pressure di- 
rect arc; new developments in the 
consumable electrode melting of re- 
active metals; consumable electrode 
melting of steels and high-temperature 
alloys. 


Ingot Technical Session— 
Refractories 

Castable electrode rings; evaluation of 
high alumina roofs; use of high alumi- 
na roofs; new developments in basic 
roofs for electric furnaces; progress 
report on castable refractories; quality 
control of ladle refractories; a study of 
hot-topping practices. 


Castings Technical Session— 
Quality Control of Electric 

Furnace Melting 

Effect of various deoxidizers on cast 
steel; joint effect of sulphur and rare 
earth metals on the mechanical proper- 
ties of a cast complex low-alloy elec- 
tric furnace steel; melting practice 
to produce extra low-sulphur carbon 
steel. 


Special Arc Technical Session on 
Raw Materials and Special Alloys 
Beneficiation of low-grade domestic 
chrome ores; raw materials handling 
in a ferroalloy plant; reducing agents 
in the submerged-arc manufacture of 
ferroalloys; electrothermic reduction of 
Northwest silicas in submerged-arc 
furnaces equipped with rotary-type 
regulators. 


THURSDAY, DECEMBER 3 


Castings Technical Session on 
Degassing of Steels for Foundry 
Melting Practice 

Gas solubility of iron and nickel-base 
alloys; experience with ladle to ladle 
stream degassing for steel castings; 
vacuum degassing of steels for air- 
craft uses; equipment used in vacuum 
degassing in the foundry. 
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9:30 am 


9:30 am 


10:30 am 


10:30 am 


2:00 pm 


2:00 pm 


2:00 pm 


6:30 pm 
7:00 pm 


Special Arc Technical Session on 
Manufacture of Calcium Carbide 
and Refractories 

Use of vertical kilns for production of 
lime for manufacture of calcium car- 
bide; effect of some calcium carbide 
process variables on acetylene genera- 
tor operation; electric-arc fusion-cast 
high-alumina refractories. 


Ingot Technical Session on 
Construction and Tool Steels 
Temperature controls and measure- 
ments; correlation between tap tem- 
perature, ladle temperature, and pour- 
ing stream temperatures. 


Ingot Technical Session on 
Construction Steels 

Oxygen-fuel gas burners for scrap 
meltdown; recent developments in the 
Strategic-Udy process for the direct 
reduction of iron ore; iron ore reduc- 
tion by electric power. 


Ingot Technical Session on Tool 
Steels 

Effect cf melt shop practice on cleanli- 
ness for high-speed steels. 


Ingot Technical Session on 

Stainless Steels 

Jet tapping; the use of special additives 
in stainless and alloy steels; practical 
economics in stainless steel melting; 
exothermic hot topping of stainless 
steel; discussion of fume control. 


Castings Technical Session on 
Pouring, Refractories, Gadgets, 

and Tricks 

Phosphate-bonded refractories _ for 
pouring ladle spouts; high-alumina 
castable refractories for ladles; gad- 
gets and tricks for foundry melting. 
Special Arc Technical Session on 
Electrode Penetration and 
Automatic Furnace Regulation 
Automatic furnace regulation on sub- 
merged arc furnaces; round table dis- 
cussion on electrode penetration. 


Reception and Cocktail Party 
Annual Fellowship Dinner 


FRIDAY, DECEMBER 4 


Plant Trip 

Chartered buses will leave from the 
Cleveland Hotel in the morning. 
There is a choice of visiting either the 
Republic Steel Corporation, Canton, 
Ohio, or Babcock and Wilcox Com- 
pany, Barberton, Ohio. 
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for accurate analytic results 


Leitz DILATOMETER 


for accurate metal analysis 


Researchers consider dilatometric analysis the most sen- 
sitive and reliable method for precise determination of 
the expansion coefficient of metals, including the new 
ultra-high melting point alloys and ceramics. The 
DILATOMETER records volume changes in relation to 
its own temperature (absolute curve), yielding data for 
coefficient expansion determinations. 


Leitz METALLUX microscope 


for superior metallography 


Superlative optical qualities and outstanding opera- 
tional features make this Leitz instrument the logical 
choice in metallurgy: unobstructed upright stage, in- 
clined eyepieces, unique quintuple nosepiece, built-in, 
vertical illumination. The METALLUX is equipped for 
phase contrast observations. Accessory, equipment 
adapts the METALLUX for material testing-photography. 
Low-position controls for fatigue-free observation. 


Leitz SHOP microscope 


for easier metallographic examinations 


A wide range of metallographic observations — from 
shop microscopy to classroom metallurgical study — are 
within the scope of the new Leitz SHOP MICROSCOPE. 
Some of its practical features: compact stand with 
rotating glass plate; dual-motion coarse focusing plus 
micrometer-fine control; inclined observation tube; 
built-in, vertical illumination. With single- or multiple- 


objective, revolving nosepiece. 


E. LEITZ, INC., Department JM-11, 
468 FOURTH AVE., NEW YORK 16, N.Y. 


Please send me additional information on the 


DILATOMETER METALLUX MICROSCOPE 
1 SHOP MICROSCOPE 


Name 


Street 


E.LEITZ, inc., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Oistributors of the worid-famous predvets eof 
Ernst Leitz G.m.b.H.,Wetziar, Germany-—Ernst Leitz Canada Ltd. 
LEICA CAMERAS LENSES MICROSCOPES BINOCULARS 


See us at booth 1231, National Metals Exposition 
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BIG tft. Traveler derrick of John F. 
Construction Co., Dallas, Texas, erecting 125-ton 
girder assembly on Red River Bridge in Louisiana. 


Beasley 


The Missouri Steel Castings Company, Joplin, Mo., 
chose a nickel alloy cast steel for the girder dogs 
(circles) which take the brunt of the giant load. 


2% nickel cast steel girder dogs 
say “Upsy Daisy” to 125-ton loads 


A girder assembly that weighs 125 
tons is more than most dogs can 
handle. 

But here is a case where they get 
the needed extra strength — with a 
nickel-chromium- molybdenum alloy 
cast steel, normalized and tempered 
to meet ASTM Specification A-148- 
55T, Grade 105-85. 

Containing 2% Nickel, this alloy 
cast steel has nominal properties on 
the order of 114,000 psi tensile 
strength, 89,000 psi yield strength 
and 21% elongation. 


It’s easy to see why nickel alloy cast 
steels have long and successful rec- 
ords on jobs where service conditions 
call for properties superior to those 
of carbon steel... 


Among other advantages, nickel 
alloyed cast steels save weight with- 
out sacrifice of strength ... provide 
hardness and wear resistance with- 
out brittleness . . . show excellent re- 
sistance to fatigue, and resistance to 
the effects of high or low tempera- 
tures. What’s more, their character- 


istics of good fluidity and reliable 
response to heat treatment keep them 
popular with the foundryman. 


Want the full story? Our illustrated 
34-page booklet, “Nickel Alloy Steel 
Castinys in Industry,” covers prac- 
tica!|y evervthing you'll want to know 
about these versatile products. A 
copy is ycurs for the asking. Write 
for it tod 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street gee, New York 5, N.Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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National Steel grows 


Construction of a new research and de- 
velopment center has been announced by 
National Steel Corp. Work will begin in 
about three months, with the center des- 
tined for Weirton, W. Va. 

When completed, research activities will 
be under the direction of J. H. Strass- 
burger, vice president for research and 
development, and Ivor E. Campbell, direc- 
tor of research and development at Na- 
tional Steel. 

Five basic categories of research will 
be underway at the center: 1) basic re- 
search (thermodynamics, kinetics, heat 
and mass transfer, combustion, nuclear 
chemistry, model studies, chemical and 
physical analysis, and mathematical 
studies); 2) materials research, including 
coal and coke, limestone, ore agglomera- 
tion, ceramics, and byproduct recovery; 3) 
process metallurgy—the blast furnace 
process, direct reduction of iron ore, 
oxygen steelmaking, vacuum melting, 
continuous casting, ultrasonics, electro- 
mechanical research, and process design; 
4) physical research, including rolling, 
finishing, welding, metallographic, alloy 
development, heat treating, and physical 
testing; 5) product research—surface pre- 
paration of metals, electrolytic metallic 
coatings, vacuum coatings, organic coat- 
ings, color coatings, enamel coatings, con- 
tainer research, corrosion resistance, and 
new products. 


Oxygen plants planned 


Contracting for the construction of four 
new oxygen plants has been announced by 
Air Products, Inc. When completed, the 
oxygen production from these plants will 
be equal to about 50 pct of all oxygen 
consumed by the steel industry in 1958. 

The largest of the four—also the largest 
oxygen plant ever built to serve a single 
steel mill—will serve the Weirton Steel 
Co., div. of National Steel Corp., Weirton, 
W. Va. This plant will produce 650 tpd for 
use both in blast furnaces and open-hearth 
furnaces. When the facility goes on stream, 
the Company will have a total oxygen 
capacity of 1100 tpd. 

The Cleveland works of Jones & Laugh- 
lin Steel Corp. will acquire a 535 tpd oxy- 
gen plant to service its new basic oxygen 
(LD) installation. A 340 tpd plant will 
also be built to supply oxygen for J & L’s 
Pittsburgh open-hearth program. The new 
facility will enable the Pittsburgh works 
to carry out full conversion of existing 
open hearths to the oxygen roof-lancing 
technique. 

The fourth oxygen plant is destined for 
the Granite City Steel Co., Granite City, 
Ill. Plans to expand the Company’s an- 
nual steelmaking capacity by 10 pct call 
for more use of oxygen for the open- 
hearth roof-lancing technique. A 170 tpd 
plant is designed to meet this requirement. 


Expand Phoenix-Lance Use 


The Phoenix-Lance steelmaking process, 
designed for low-cost production of open- 
hearth quality steels from high-phos- 
phorous hot-metal, is now being readied 
for large-scale industrial operation. Site of 
the operation is a new converter plant at 
the Ruhrort works of Phoenix-Rheinrohr 
AG in Germany. 


The process, described in detail in the 
February 1959 issue of JoURNAL OF METALS, 
comprises three stages: 1) the classical 
basic-bessemer blow followed by deslag- 
ging; 2) tilting the converter on its side, 
adding fluxes, and then blowing an oxy- 
gen lance over the surface area; and 3) 
with the converter in upright position, a 
final bottom blow with oxygen-enriched 
air. The total blowing time is about 15 min 
—or a little longer than in the normal 
basic-bessemer process. The new Ruhrort 
converter plant—consisting of three 70- 
metric-ton basic bessemer converters (the 
world’s largest) —was inaugurated in Au- 
gust. A fourth converter is planned for 
future installation. The capacity of the 
three existing converters is 115,000 metric 
tons of steel per month. While initially 
operating as a normal basic-bessemer 
plant, it is equipped to operate on the PL 
principle. 


The US Consulate in Dusseldorf reports 
that, “The experiments thus far have all 
been on rimmed steel. Tests with killed 
steel are also on schedule when more ex- 
perience is acquired . . . The lining now 
stands up to 120 to 150 heats, compared to 
200 to 300 straight thomas (basic bes- 
semer) heats. The process requires 20 cu m 
of plant oxygen compared to 50 to 60 
cu m per ton of steel in the LD process .. . 


“The new string of tests scheduled for 
the 70-ton charges in the new converter 
(one of three) will begin in May 1959. It 
is planned to blow the converter for 100 
to 120 heats on straight thomas steel. 
When the vessel has become wider 
through wear, the PL process is to be 
applied ... The wide range of experiments 
will also include the introduction of cool- 
ing agents (such as iron ore, scrap, and 
lime) to determine the most favorable 
conditions for the lining. The standard 
charge of iron ore and/or scrap averaged 
10 pet of the charge in past tests... 


“It is expected that by Fall or Winter 
1959 the PL process will be applied to all 
three 70-ton converters ... The PL lance 
will be on a trolley which can serve all 
three converters. The greatest unknown 
which remains is the question of how the 
lining will stand up...” 


Reports of the Phoenix Lance process 
industrial-scale experiments should be 
forthcoming in a few months. JOURNAL OF 
METALS readers will be informed of them 
when available. 
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‘Superior’ titanium found 


A new titanium alloy, described as “far 
superior in strength, ductility, and tough- 
ness” to any comparable alloy now com- 
mercially available, has been developed 
by the Research div. of New York Univer- 
sity’s College of Engineering. 

Nominally composed of 6 pct Al, 6 pct 
V, 2 pet Sn, 0.5 pct Fe, 0.25 pet Cu, and 
85.25 pct Ti, the alloy has been tested at 
both the University and Watertown labo- 
ratories, and exhibited properties far ex- 
ceeding those originally required by the 
sponsor. The new alloy shows strengths 
in excess of 200,000 psi with the following 
ductility levels: an elongation of 8 pct; a 
reduction in area of 18 pct; and an impact 
energy absorption of 8 ft lb at 1° to 40°C. 

The alloy is the result of three years of 
research conducted by Harold Margolin 
and Paul Farrar of NYU. Waterstone 
Arsenal staff members assisted in the 
project. Robert C. Colton, of Waterstone 
Arsenal, delivered a paper on the new 
alloy at New York University’s Fifth 
Annual Titanium Conference. Title of the 
paper was: The Effect of Fabrication Pro- 
cedures on Ti-6Al-6V-2Sn-0.5F e-0.25Cu. 


Develop new ceramic 


A polycrystalline ceramic that readily 
transmits light has been made from 
powder. The ceramic is described in the 
article “A Metallurgist Looks at Ceramics,” 
by J. E. Burke on p. 740 of this issue. 

Lucalox, as GE calls the new material, 
also possesses the extremely high-strength 
characteristics of alumina ceramics .. . 
can withstand much higher temperatures 
than most ceramics now in use... and 
can be pressed into any shape desired. 
The ceramic’s characteristics result from 
the fact that the bubbles normally found 
in ceramic materials have been entirely 
removed. 

The basic material of the product is 
alumina. The powder is pressed at room 
temperature, then fired at temperatures 
that are higher than usual for ceramics. 


Paotow blast-furnace started 


The first blast furnace of a new Chinese 
Communist plant has begun operations at 
Paotow, 400 mi northwest of Peiping in 
Inner Mongolia. The blast-furnace is su;- 
posed to have an annual rated capacity of 
900,00 tons of pig iron. 

The new steel center, being built with 
Soviet equipment and technical assistance, 
is scheduled for completion in the early 
1960’s. The Paotow steel works is designed 
to be one of three steel-producing centers 
of Communist China. Another, established 
by the Japanese, is at Anshan. The third, 
at Wuhan, is already producing pig iron 
from two blast furnaces. An open-hearth 
furnace now nearing completion will be 
producing steel by the year’s end. 


Mold wash introduced 


A new mold wash, reported to reduce 
the number of flaws introduced during the 
teeming of steel ingots, has been devel- 
oped by the Silicones div. of Union Car- 
bide Corp. Called Sinch, the mold wash is 
designed to prevent the formation of cur- 
tains and splashes on the mold wall, and 
it is also said to reduce damage to molds. 

Shipped as a black powder, it is dis- 
persed in water at the mill and applied 
with a hydraulic-type spray gun nozzle. 
The mold wash is also recommended as a 
coating for the graphite stopper head and 
the sleeves of the stopper rod. Three 
quarts of mold wash slurry are required 
for an 8-ton ingot. 


Canadian plant to use HyL 


Premium Iron Ores intends to build a 
steel plant in Ontario, near the Fort Wil- 
liam—Port Arthur area. It will use the 
HyL process engineered by the M. W. 
Kellogg Co. 

Utilizing ores from Steep Rock Iron 
mines and natural gas in a direct-reduc- 
tion process, the initial plant will be 
geared to turn out 150,000 tons of metallic 
iron a year. It will cost an estimated $10 
million. 

While the bulk of the output is ex- 
pected to be sold to the US, the Company’s 
aim is to lay down iron in the fast-expand- 
ing Canadian west at prices cheaper than 
it can be produced in central Canada. 

Premium Iron Ores is controlled by the 
Cyrus Eaton interests. Its reported year 
end net assets were valued in excess of 
$9 million, including some 600,000 shares 
of Steep Rock Iron Mines. 


Magnesium ceramic made 


A new vitreous, high-purity magnesium 
oxide ceramic called Magnafrax 0340 has 
been announced by the Refractories div. 
of The Carborundum Co. 

The material is said to offer shapes 
having refractory and electrical proper- 
ties approaching those heretofore ob- 
tained only with single crystals. The new 
product combines the high purity of the 
somewhat porous MgO crucibles with 
doubled strength and greater resistance to 
molten metal attack. 


Germanium refinery announced 


American Metal Climax, Inc., is plan- 
ning a new germanium refining plant for 
Carteret, N. J. The plant will be fully 
equipped to produce germanium dioxide 
from both primary raw materials and 
scrap. Availabily of basic raw materials 
for this operation has been assured by a 
long-term contract for supplies from 
Africa. Full operation is scheduled for 


1960. 
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Aging of Nickel Base Aluminum Alloys, by R. O. 
Williams (IMD) 


Theory of Deformation in Superlattices, by P. A. 
Flinn (IMD) 

Some Devices for Quantitative Metallography, by 
Cyril Stanley Smith (IMD) 

Some Properties and Metallography of Steel-Bonded 
Titanium Carbide, by Martin Epner and Eric 
Gregory (IMD) 

Transformation Mechanisms in a Hypereutectoid 
Titanium-Chromium Alloy, by H. I. Aaronson, 
W. B. Triplett, and G. M. Andes (IMD) 


The Relationship of Structure to Mechanical Proper- 
ties in Udimet 500, by M. Kaufman and A. E. 
Palty (IMD) 


Subgrain Growth and Softening in Rolled Aluminum 
Crystals, by B. G. Ricketts, A. Kelly, and P. A. 
Beck (IMD) 


The Effects of Cold Work on the Alloy Cu,Au, by J. 
B. Cohen and M. B. Bever (IMD) 


Vapor Pressure and Thermodynamic Properties of 
Zn-Zr and Zn-U Alloys, by P. Chiotti and G. R. 
Kilp (IMD) 

Discontinuous Crack Growth in Hydrogenated Steel, 
by E. A. Steigerwald, F. W. Schaller, and A. R. 
Troiano (IMD) 

Grain Growth in Silicon Iron, by P. K. Koh (IMD) 

Short-Time Creep-Rupture Behavior of Molybde- 
num at High Temperatures, by W. V. Green, M. C. 
Smith, and D. M. Olson (IMD) 

Kinetics of Iron Oxide Reaction, by W. M. McKewan 
(ISD) 

Influence of Constraints During Rolling on the Tex- 
tures of 3 Pct Silicon-Iron Crystals Initially (001) 
[100], by R. G. Aspen (IMD) 

Activity of Carbon in Iron-Nickel Alloys at 1000°C, 
by R. P. Smith (ISD) 


A Texture Study in Silicon Iron, by P. K. Koh and 
Cc. G. Dunn (IMD) 

Effect of Grain Growth on the Formation of the Cube 
Texture in an Al-Mn Alloy, by T. J. Koppenaal, 
M. N. Parthasarathi, and P. A. Beck (IMD) 


The Rate and Mechanism of the Sulfurization of 
Carbon-Saturated Iron, by L. D. Kirkbride and 
G. Derge (ISD) 

An X-ray Reflection Micrographic Method for Meas- 
uring Subgrain Boundary Angle, by R. J. Towner 
and J. A. Berger (IMD) 

Some Thermodynamical Considerations in the Chlo- 
rination of Ilmenite, by C. C. Patel and G. V. 
Jere (EMD) 

Composition-Temperature Behavior of the Marten- 
sitic Transformation in Beta AgCd, by D. B. Mas- 
son (IMD) 

The Morphology of Brittle Fracture in Pearlite, 
Bainite, and Martensite, by A. M. Turkalo (IMD) 


Deformation Textures in Aluminum-Uranium Al- 
loys, by W. C. Thurber and C. J. McHargue (IMD) 


Papers Accepted for the TRANSACTIONS 


Thermodynamic Properties of the System Pb-S-O 
to 1100°K, by H. H. Kellogg and S. K. Basu 
(EMD) 


Habit Plane and Hyride Precipitation in Zirconium 
and Zirconium-Uranium, by F. W. Kunz and A. E. 
Bibb (IMD) 


Determination of Maximum Terminal Solid Solu- 
bility, by A. S. Yue (IMD) 


The Crystallography of the Austenite-Martensite 
Transformation: The {111} Shear Solutions, by 
M. S. Wechsler, T. A. Read, and D. S. Lieberman 
(IMD) 


High Temperature Chlorination of TiO. Bearing 
Minerals, by Wendell E. Dunn, Jr. (EMD) 


The Relationship Between the Boundary Area and 
Hardness of Recrystallized Cartridge Brass, by W. 
J. Babyak and F. N. Rhines (IMD) 


The Effects of Cold Work on the Alloy Cu,Au, by J. 
B. Cohen and M. B. Bever (IMD) 


influence of Crystallographic Order on Creep of 
Iron-Aluminum Solid Solutions, by A. Lawley, J. 
A. Coll, and R. W. Cahn (IMD) 


Effect of Rare-Earth Additions on Some Stainless 
Steel Melting Variables, by Rudolph H. Gautschi 
and Frederick C. Langenberg (ISD) 


Electrochemical Characteristics of FeO-MnO-SiO. 
Melts, by D. A. Dukelow and G. Derge (ISD) 


Determining Boron Distribution in Metals by Neu- 
tron Activation, by Barbara A. Thompson (IMD) 


Beta Decomposition in Zr-U-O Alloys, by D. L. 
Douglass (IMD) 


An Acoustical Study of Low-Temperature Age- 
Hardening After Reversion in Al-6 at. pet Ag, by 
H. Herman and M. E. Fine (IMD) 


Zone Leveling of Boron into Zone-Melted Iron, by 
B. F. Oliver and A. J. Shaler (ISD) 


The Growth of Ni,(AI,Ti) Precipitates in a Ni-Cr-Ti- 
Al Alloy, by N. E. Rogen and N. J. Grant (IMD) 


The Solubility of Copper in Ferrite, by H. A. Wriedt 
and L. S. Darken, (IMD) 


On the Imperfections in Martensite and Their Rela- 
tion to the Formation of Martensite, by H. M. Otte 
(IMD) 

Creep of Indium, Lead, and Some of Their Alloys 
With Various Metals, by J. Weertman (IMD) 


Prediction of Elastic Constants of Multi-Phase Ma- 
terials, by B. Paul (IMD) 


Measurement of Deformation Resulting from Grain 
Boundary Sliding in Aluminum and Aluminum- 
Magnesium Alloys from 410 to 940°F, by Hans 
Brunner and N. J. Grant (IMD) 

Plastic Deformation of Germanium by Alloying, by 
W. J. Feuerstein (IMD) 

Solid Solution and Second Phase Strengthening of 
Nickel Alloys at High and Low Temperatures, 
by R. M. N. Pelloux and N. J. Grant (IMD) 
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NORELCO 
ANNOUNCES 


THE NEW 


UNIVERSAL VACUUM X-RAY 
SPECTROGRAPH 


For Element Analysis in VACUUM HELIUM OR AIR 


The FIRST and ONLY WIDE RANGE UNIVERSAL X-RAY SPECTROGRAPH 


X-ray Spectrographic Analysis has long been recognized as a vital, non-destructive method of 


rapid element determination. The range of elements amenable to X-ray analysis has grown 


steadily with the years. Special techniques and equipment have been devised, particularly for 


lighter elements in the range of sulphur (16) through magnesium (12). The helium bag used 


on various types of standard Norelco spectrographic equipment is a familiar sight in laboratories 


throughout the United States and The World — yet — despite technological advances, cost con- 


siderations as well as commercial scarcity of helium gas have retarded adoption of gas atmos- 


phere techniques. The recent development after intensive research and field testing, of the new 


Norelco Vacuum X-ray Spectrograph, has eliminated this obstacle and will now meet the in- 


creasing demand for wider application of X-ray spectrography in light element determinations. 


In fact, appreciably higher intensities for the elements number 17-30 may now be realized over 


previous. spectrographic procedures. 
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UNIQUE FEAT 


Norelco 


Serving Science 


and Industry PHILIPS 


Instruments Division 750 SOUTH FULTON AVENUE, MOUNT VERNON, N. Y. 
tn Canada: Research & Control Instruments + Philips Electronics Industries Ltd. + 116 Vanderhoof Ave. ¢ Leaside, Toronto 17, Ont. 
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CHANGER) 
> specimen holders. 
specimen spinner—to 
reduce effects of inhomogeneities. 
broad analyzing range. 
both mounted on goniometer arm 
Permits alternate use ‘| 


RARE EARTH 


AND 


YTTRIUM 
METALS” 


In your unceasing search for prom- 
ising new materials for metallur- 
gical applications, you are sure to 
find it interesting and provocative 
+. and quite likely rewarding .. . 
to investigate the rare earths. é 
Rare earth and yttrium metals 
ore readily available from our in- 
ventory in a wide range of purities 
in experimental quantities. Primary 
forms are ingots, lumps and turn- 
ings. Costs are reasonable and ad- 
is vantageous for your research or 
product development operations. 


Lindsay rare earths cover the 
whole gamut of rare earth tech- 
nology, from crudes to highly re- 
fined materials. For instance: 
LANTHANUM has one of the largest 

‘ liquidity ranges of the metals (MP ; 
920 °C, BP 4200 °C). 
GADOLINIUM is ferromagnetic up 
to about room temperature (Curie 
temperature 289 °K). 
fe DYSPROSIUM and HOLMIUM ore fer- 
romagnetic below 85 and 20 °K 
respectively. 
YTTRIUM is available in grades 
ranging from high purity to crude 
alloys with magnesium. 


Lindsay is the world’s largest 
producer of rare earth, yttrium, 
and thorium materials. We can 
furnish you with a considerable 
amount of interesting and reveal- 
ing technical data on rare earth 
and yttrium metals, including a 
detailed tabulation of properties, 
purities, and costs. 

Please ask for our bulletin “Rare 
Earth and Yttrium Metals.” It will ; 
be sent to you promptly. 


Linpsay Piviston 


| American Potash & 
Chemical Corporation 


99 Park Avenue, New York 16, N.Y. 


3000 West Sixth St, Los Angeles 54, Calif 


personals 


Frank E. Brown is now sales mgr of 
the Eastern div., Chromium Mining 
& Smelting Corp. Before assuming 
his new post, Mr. Brown was a dis- 
trict mgr of the Pittsburgh Metal- 
lurgical Co. 


Royale J. Stevens has been appointed 
general supt of Kennecott Copper 
Corp.’s reduction plant at Chino, 
N. M. Before that, he was with the 
Company’s Western Mining divi- 
sions in Salt Lake City. 


Bo Kalling, developer of the Kaldo 
process for refining phosphorous pig 
iron in a rotating furnace with the 
aid of oxygen, was recently awarded 
the Bessemer Gold Medal for 1959 
from the Iron and Steel Institute. 
Conferred at the Institute’s Annual 
General Meeting in London, the 
award recognizes “his distinguished 
contributions to the physical chem- 
istry of steelmaking and to the de- 
velopment of new processes for the 
making and treating of iron and 
steel.” 

David W. Mitchell is now coordina- 
tor of Research and Production at 
Foote Mineral Co. Dr. Mitchell will 
continue to act as mgr. of Minerals 


Research in the company. His new 
post will be in Berwyn, Pa. 


N. J. Grant, prof. of metallurgy, 
Massachusetts Institute of Tech- 
nology, will be technical consultant 
in development of new steels for 
missile and rocket components in a 
contract awarded the Stainless and 
Strip div. of Jones & Laughlin by 
Aerojet General Corp. Charles W. 
Sherman is technical director of the 
division, while Kurt M. Carlsen will 
conduct the research phase of the 
project. 


Lloyd A. Amos has joined Kaiser 
Aluminum & Chemical Corp.’s head- 
quarters at Oakland, Calif., to take 
over a new executive assignment. 
Previously, he was works manager 
at the firm’s Ravenswood, Calif., 
plant. 


Ernest A. Schoefer was re-elected 
executive vice president and treas- 
urer of the Alloy Casting Institute at 
its 19th Annual Meeting in Hot 
Springs, Va., recently. 


Dennis J. Carney has been appointed 
genl. supt. at the Homestead works 
of the U.S. Steel Corp., Munhall, Pa. 
Dr. Carney was formerly genl. supt. 
of the company’s Gary, Ind., Sheet 
and Tin Mill. 


Martin N. Lindsay has been ap- 
pointed to the newly-created position 
of blast furnace engineer at the Mid- 


SENIOR 
ENGINEERS 


Mining and 
Milling Industries 


Expansion of major, worldwide 
engineering and construction 
firm located in the east creates 
three high level positions re- 
quiring heavy experience, su- 
pervisory capability and a high 
degree of initiative. 


MATERIALS HANDLING 


Will be responsible for the de- 
sign of materials handling 
equipment including belt con- 
veyers, screening, crushing and 
dust collecting installations, 
specifically in handling run-of- 
mine ore and crushed ore in 
modern high speed and large 
tonnage applications. 


ELECTRICAL 


Responsible for the design and 
layout of complete plant power 
distribution and lighting sys- 


tems. 
STRUCTURAL 


Responsible for structural 
and foundation design as well 
as water supply and tailings 
disposal systems. 


These openings carry a high 
degree of responsibility with 
commensurate salary and ex- 
cellent benefits. All inquiries in 
strict confidence. Please write 
complete details including ini- 
tial salary requirements. 


14-JM 
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land, Pa., plant of Crucible Steel Co. 
of America. Mr. Lindsay joined the 
plant in 1917, holding a series of jobs 
there. A special assignment to study 
blast furnaces, sintering plants, and 
raw materials led to his new job 
appointment. 


Israel Wilenchik recently received 
an Honorary Life Membership 
Award from the Philadelphia Metals 
Association “for his outstanding ac- 
complishments and services in the 
secondary and nonferrous metals in- 
dustry.” Now retired, Mr. Wilenchik 
was formerly president of Metallur- 
gical Products Co. 


George F. Halfacre was recently 
elected vice president of the New 
Jersey Zinc Co. He began as a chem- 
ist with New Jersey Zinc in 1918. 


Richardo O. Bach is now director of 
the Inorganic Products div. of the 
Research dept., Lithium Corp. of 
America, Minneapolis. He was for- 
merly with the Central Research 
Labs of the American Smelting & 
Refining Co. 


Arthur M. Squires is now a private 
consultant in fuels for the thermo- 
electric, steel, and gas industries. 
He plans to bridge two continents in 
his work, principally serving the gas 
industry in England. Previously, he 
was with Hydrocarbon Research, Inc. 


Arthur L. Howard has been ap- 
pointed asst. supt. of open hearth 


steel production at Kaiser Steel 
Corp.’s Fontana, Calif., plant. He was 
formerly supt. of the open hearth 
dept. at the Granite City Steel Co., 
where he was employed for 25 years 
prior to joining Kaiser Steel. 


Three AIME members are among 
sales dept promotions by the Union 
Carbide Metals Co., div. of Union 
Carbide Corp. Elmer F. Helminiak, 
formerly sales representative of the 
Chicago district, has been named 
manager there. Arthur Herbener is 
now mgr. of the Cincinnati district. 
Previously, he was a sales repre- 
sentative in the Pittsburgh district. 
Fred A. Stephens is the third mem- 
ber. His appointment is from sales 
representative of the Detroit dis- 
trict to its manager. 


Olav C. Aamot and Howard F. Davis, 
Jr., have joined the Industrial Re- 
search & Development div. of Stra- 
tegic-Udy Processes, Inc. Mr. Aamot, 
an AIME member since 1929, is a 
native Norwegian and formerly con- 
ducted research for Elektrokemisk 
in Oslo. Mr. Davis was previously a 
metallurgical engineer with Quebec 
Metallurgical Industries Ltd., Otta- 
wa, Canada. 


Alexander C. Hauck has joined the 
sales staff of Globe Brick Co., East 
Liverpool, Ohio. He was formerly in 
sales at the Vesuvius Crucible Co., 
Swissvale, Pa. 


your confidence. Write. 


during the winter. 


RESEARCH METALLURGISTS 


Continuing growth of the J&L research and development program has created a 
number of openings for professional personnel, holding Ph.D., M.S., or B.S. degrees 
in metallurgy or a related scientific field. Projects underway or in prospect cover 
a diversity of subjects in physical and process metallurgy, all of course, related to 
the production of carbon and stainless steels, and all company supported. Because 
of this diversity, it is almost always possible to accommodate individual interests. 
The J&L Research Division is housed in the modern, air-conditioned, fully-equipped 
Graham Laboratory in suburban Pittsburgh. Attractive residential areas are close 
by. And progressive Pittsburgh offers many advantages, including full graduate 
programs at the University of Pittsburgh and Carnegie Institute of Technology 
for the man who wants to continue his professional education. 


If you have these interests, we would like to hear from you, and will respect 


J. A. Hill 
Research and Development Department 


JONES & LAUGHLIN STEEL CORPORATION 


+3 Gateway Center 
Pittsburgh 30, Pennsylvania 


P.S. Graduating in 1960? Let us know early, so we can arrange to talk with you 


®tc 5 par oF 


OPPORTUNITIES IN 
RESEARCH METALLURGY 


E. |. DU PONT DE NEMOURS & COMPANY 


New opportunities in the 
growing and important field of 
refractory metals are now 
available with du Pont at the 
Experimental Station in Wil- 
mington, Delaware. A major 
expansion in alloy development, 
metal manufacture and mill 
product processing techniques 
is being conducted. Trained 
Ph.D. research personnel in 
physical and mechanical metal- 
lurgy, or those with equivalent 
research experience, are 
needed to support this pro- 
gram. These positions offer an 
opportunity for direct contribu- 
tion to the development of 
niobium base alloys and tita- 
nium base alloys as well as 
additional refractory base sys- 
tems. Please forward resumé 
including details of education, 
experience and salary expected 
to Mr. Harry Joslyn, Employee 
Relations Department, E. |. du 
Pont de Nemours & Company, 
Wilmington, Delaware. Replies 
held confidential. 


OPENINGS — For Teaching and 
Research in Solid State and 
Thermodynamics—Kinetics Areas. 
Ph.D. Teaching experience desir- 
able but not essential. Salary and 
academic rank open. Reply to 
Head, Department of Metallurgical 
Engineering, Michigan State Uni- 
versity, East Lansing, Michigan. 
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to the editor 


Phases and Processes 


When one writes a_ technical 
article for the Transactions, I think 
it is more disappointing to have it 
completely ignored than to have 
someone write a discussion saying 
he thinks you are “all wet,” or words 
to that effect. Using this type of 
reasoning, I am writing about your 
Phases and Processes, even though 
I can say little good about it. 

My main problem stems from my 
familiarity with the Industrial and 
Engineering Chemisty Annual Re- 
view. I wish very much that there 
was a comparable edition of the 
JOURNAL OF METALS. When you used 
the word “review” in your editorial, 
something of that nature came to 
my mind... . 

I have some inkling of the prob- 
lems you face in trying to evolve a 
magazine which will appeal to the 
maximum number of industrial 
metals men, and still be a legitimate 
representative of a professional so- 
ciety. I admit that I am biased to- 
ward the research side of the society. 
However, it seems to me that, in 
“highlighting current developments 


Engineering 
Societies 
Personnel 
Service Inc. 


(Agency) 
Under the auspices of the Four Founder 
Engineering Societies and affiliated with 
other renowned Engineering Societies, ESPS 
offers many years of placement experience 
in addition to world-wide contacts. 


New York Chicago 


8 W. 40th St. 29 E. Madison St. 


San Francisco 
57 Post St. 


The Metallurgical Society of 
AIME 

29 West 39th Street 

New York 18, New York 


Gentlemen: 


| am interested in joining the 
Society. Please send further in- 
formation and an application 
for membership. 


Name 
Address 


728—JOURNAL OF METALS, NOVEMBER 1959 


in metals,” you are trying to compete 
with the trade journals with one 
page per quarter for the eyes of the 
production and_ trouble-shooting 
people. It seems to me that you 
would be aiming at a larger fraction 
of your membership and playing to 
your strength if you put together 
a true review of the developments of 
a more scientific nature, and had it 
written in a fashion that would be 
helpful to the army of development 
(and research) people who feel that 
they should do a better job of keep- 
ing up on “the literature” (but 
can’t seem to get around to it). 
These people can and do leaf through 
a trade journal periodically to catch 
up on industrial processes; or they 
can get it from salesmen, or at the 
Metals Show, or in advertisements. 
The ideas are usually easy to grasp, 
and many people are trying to get 
them across. 

“The literature,” on the other 
hand, is a vast, forbidding maze of 
cross-referenced articles written by 
experts for experts. You have peo- 
ple in your society who can and 
will survey, condense, and explain 
the significance of parts of this maze 
to the interested, but harrassed re- 
search and development men. Thus, 
why not capitalize on your strength 
to fulfill a need, instead of trying 
to compete in a crowded field, 
where your writers are no better 
qualified than the next journal’s? 


Paul Shewmon 

Assistant professor 

Carnegie Institute 
of Technology 


PS. 


I was very happy to see the 
abstracts of the Chicago meeting 
come out well ahead of time this 
year. Things are looking up. 


Phases and Processes is designed to re- 
view scientific and engineering develop- 
ments, rather than industrial progress in 
the metals’ area. Perhaps this will become 
more evident in subsequent issues—Ed. 


Ringwood Mines 
. .. There is a still more recent at- 
tempt in operating the Ringwood 
Mines than that mentioned in the 
next to last paragraph of the section 
on Ringwood in the 20th Century 
{[Sterling, Ringwood, and Green- 
wood, p. 603, September issue]. A 
year or two ago, the Pacific Isles 
Mining Co. purchased the property 
from General Services Administra- 
tion. This is an outfit from northern 
Minnesota which has had some suc- 
cess in working small mines. We 
have high hopes that they will be 
able to put the Ringwood Mines in 
operation in the near future. 
Would it be possible for us to se- 
cure one-half dozen copies of the 
reprint of this article? 


Edwin S. Burdell 

President 

The Cooper Union for the 
Advancement of Science and Art 


Correction 

Someone just called my attention 
to the personal note on p. 488 of the 
August JouRNAL oF METALs. For 
once I had not read the JOURNAL 
from cover to cover and this morsel 
had escaped my eagle eye entirely. 

Thank you for the note. It is nice 
to be so remembered. 

One impression indicated by the 
wording probably should be cor- 
rected for future use. I worked on 
a project for the Tin Research In- 
stitute along with a copper base 
project on first coming to Battelle 
25 years ago. It is true that I wrote 
a number of articles pertaining to 
tin, and still retain an interest in it, 
but for the past 15 or 20 years ac- 
tivities relating to tin have taken 
only 1 or 2 pct of my time. I am 
curious as to the source of the in- 
formation that I am head of tin 
research at Battelle, since there is 
no such post here. 


Bruce W. Gonser 
Technical Director 
It should have read: “Head of the Inter- 
national Research Institute’s work in this 


country for many years. . .” as noted in 
the May issue of Battelle News.—Ed. 


Congratulations! 

Let me congratulate you on a fine, 
readable editorial in the August 
JOURNAL OF METALS. The excellent 
article on the other side of the page 
is also much appreciated. 


John P. Nielsen 
Dept. of Metallurgi- 
cal Engineering 
New York University 


Wire Machine Inquiry 

We are interested in the micron 
wire machine mentioned in an article 
entitled ‘Soviet Exhibition in New 
York Features Metallurgy’ on p. 518 
of JouRNAL oF METALS, August 1959. 
Perhaps you may have more de- 
tailed information about this ma- 
chine or could supply us with ref- 
erences to the Russian literature on 
this new development. 


Dr. A. S. Darling 
Johnson, Matthey & Co., Ltd. 
Wembley, England 


Also Interested 

In reading your amusing article 
in the August JouRNAL oF METALS 
on the Soviet exhibition in New 
York, I am curious to know whether 
you have any additiona! information 
on the principles of operation of the 
Soviet continuous casting machine 
for the production of ultra fine wire 
directly from the melt. If you have 


further information, I will appreciate 


receiving it. 
R. H. Aborn 
U.S. Steel Corp. 
Monroeville, Pa. 
The Russian Mission to the UN has informed 
JournaL or Merats that enquiries should be 


directed to the Amtorg Trading Corp., 355 
Lexington Ave., New York, N. Y.—Ed. 
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editorial 


New Publications 


Program Dawns 


The Metallurgical Society has embarked upon a brand new 
aspect of its publications program, namely the publication of the 
proceedings of conferences covering the broad spectrum of 
metallurgy. By agreement with Interscience Publishers, Inc., 
arrangements have been made for publication of proceedings of 
virtually all technical conferences held under the auspices of 
The Metallurgical Society, its Divisions, or its Technical Com- 
mittees. By special agreement, proceedings volumes are made 
available to conference registrants at approximately cost price. 
Proceedings will be sold to members not attending the confer- 
ences at a considerable discount. For those copies sold to non- 
members, the publishers will return a royalty to the Society. 
With this three-year agreement, the Society has made it possible 
to extend its services to members without expending limited 
capital and without taxing the small staff of the Society. Through 
royalties, it is anticipated that a fund can be built up which 
will help support the overall publications program of the So- 
ciety. 


First off the press is Flat Rolled Products: Rolling and Treat- 
ment, proceedings of the first Mechanical Working Conference 
of AIME, held in early 1959. Soon to follow are proceedings 
volumes covering conferences on Reactive Metals, Quality Re- 
quirements of Super-Duty Steels, and the Physical Metallurgy of 
Stress-Corrosion Fracture. Later, volumes will appear on Ex- 
tractive Physical Metallurgy of Plutonium and its Alloys, Phys- 
ical Chemistry of Process Metallurgy, and Properties of Elements 
and Compound Semiconductors. Proceedings volumes are 
planned for a number of conferences scheduled for 1960. 


It is sincerely hoped that members of The Metallurgical So- 
ciety will find these volumes to be of real service to them, and 
that they will give their support to this special publishing ac- 
tivity of the Metallurgical Society. 


John Chipman, President 
The Metallurgical Society of AIME 
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Expanding the Frontiers 
of Space Technology in 


MATERIALS 
AND PROCESSES 


® Pioneering work in metallo- 
graphic research, high and low 
temperature materials, radio- 
active and toxic materials, pure 
metals, properties of beryllium 
and the alloys, and the develop- 
ment of refractory and special- 
purpose metals, cermets and 
ceramics is being done at 
Lockheed Missiles and Space 
Division. 

Main objectives of the studies 
are to evaluate the chemical, 
physical, and mechanical prop- 
erties of metals and ceramics, 
and to study the effect of exter- 
nal conditions of stress, tem- 
perature, and strain rate on the 
materials, as well as the effect 
of alloy additions, impurities 
and past strain histories. 

Preliminary studies are also 
being made in: transpiration- 
cooled and heat-resistant 
rocket nozzle material systems; 
thermionic-emission converter 
materials; solid-state devices 
for electronic application; elec- 
tro-chemical fuel cell systems; 
substrates and films for the 
micro-miniaturization of elec- 
tronic systems; analysis of fuel 
and oxidizer tank leakage prob- 
lems; and materials develop- 
ment for nuclear propulsion 
reactors. 

ENGINEERS AND 
SCIENTISTS 
The successful solution to 
problems such as these calls for 
advancement of the state of the 
art to unknown environments 
and the maximum of scientific 
effort. If you are experienced 
in one of the above areas, or in 
related fields, we invite you to 
join us in this challenging effort 
and to share in the future of a 
company that has an outstand- 
ing record of progress and 
achievement. Write: Research 
and Development Staff, Dept. 
K-55, 962 W. El Camino Real, 
Sunnyvale, California. U.S. 
citizenship required. 


Lockheed 


MISSILES AND SPACE 
DIVISION 


Systems Manager for the 
Navy POLARIS FBM; 
DISCOVERER. MIDAS 
and SAMOS; Army KINGFISHER; 
Air Force Q-5 and X-7 


SUNNYVALE, PALO ALTO, VAN NUYS, 
SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA 
ALAMOGORDO, NEW MEXICO HAWwail 
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education 


FILMS 


® Films of interest to section pro- 
gram chairmen, student societies, 
and others are listed in a catalogue 
recently issued by Modern Talking 
Picture Service, Inc., New York. The 
16 mm films, all available on free 
loan from branch film libraries or 
the Service’s New York headquarters 
itself, are designed for professional 
and technical audiences. 

Among the titles that might be of 
interest to metallurgists, we find: 
More Than Just Steel, a 20 min 
color film produced by Armco Steel 
Corp., which tells the story behind 
custom-made steelmaking. The Sci- 
ence of Making Brass, won first prize 
in the International Competition for 
Technico-Industrial Documentary 
films at Turin, Italy. Every step in 
the making of sheet, rod, wire, and 
tube shapes from brass and other 
copper alloys is traced in the 28 min 
color film made by Chase Brass & 
Copper Co. The Long Pull tells the 
story of steel wire making as por- 
trayed in a Bethlehem Steel Co. 
plant. The color film runs 28 min. 
Heat transfer problems are met in 
the Dow Chemical Co. film entitled 


RESEARCH 
METALLURGIST 


Expansion program creates 
immediate opportunity with 
CRUCIBLE STEEL COMPANY 
OF AMERICA for Senior Re- 
search Metallurgist. 

This is an attractive opening 
on rapidly enlarging staff of 
the Research Division of one of 
the largest producers of stain- 
less and high alloy steels. Ap- 
plicants must have consider- 
able experience in the stainless 
and high temperature alloy 
field, together with an appro- 
priate graduate degree, prefer- 
ably Ph.D. Administrative abil- 
ity and technical accomplish- 
ments will be decisive factors in 
the selection of successful ap- 
plicant. 

Excellent employee benefit 
programs. Salary commensur- 
ate with experience and ability. 

Submit complete resume to: 

Mr. J. E. Harris 
CRUCIBLE STEEL 
COMPANY 
OF AMERICA 
P.O. Box 88 
Pittsburgh 30, Pennsylvania 


Heat Transfer 400° to 750°F. The 22 
min film is in color. 

Forging in Closed Dies traces forg- 
ing from its blacksmith anvil origins 
to present day practices. Produced 
by the Drop Forging Association, 
the color film runs 28 min. Kaiser 
Chemicals div., Kaiser Aluminum & 
Chemical Corp., analyzes the chemi- 
cal and physical properties of 
modern basic refractories in the 29 
min color film, Progress in Modern 
Basic Refractories. 

Film library offices are located in 
Atlanta, Chicago, Dallas, Los 
Angeles, and New York. Films may 
be loaned from any of these loca- 
tions, or from the organization’s 
headquarters itself. A Pocket Guide 
To Free Films listing 250 generally 
available films can also be obtained 
by writing: Modern Talking Picture 
Service, Inc., 3 East 54th St., New 
York 22, N.Y. 


> Aluminum Co. of America an- 
nounces a new color movie on the 
fabrication and installation of alum- 
inum rain-carrying equipment. 

Available to roofing and sheet 
metal associations, the 21-min sound 
film traces a job from start to finish. 

For more information, write: 
Motion Picture Dept., Aluminum 
Co. of Pittsburgh 19, Pa. 


GRANTS 


pm A three-year study of the ther- 
modynamic properties of light hy- 
drocarbons at high pressures and 
low temperature is underway at the 
University of Michigan as the result 
of a $37,200 grant by the National 
Science Foundation. The project is 
under the direction of Prof. Donald 
L. Katz, chairman of the Dept. of 
Chemical and Metallurgical Engi- 
neering. 

& The National Science Foundation 
has also announced grants totaling 
$800,000 to be made to the Mas- 
sachusetts Institute of Technology 
and Harvard University. The two 
universities are embarking or re- 
search into fusion power and space 
problems. 

Although the studies will be in- 
dependent, a regular interchange of 
information has been provided for. 
MIT will receive $500,000 to extend 
its studies in electrical plasmas. 
Harvard, meanwhile, will use its 
$300,000 grant on the behavior of 
gases at high temperatures. It will 
be divided among atmosphere entry 
problems, propulsion, combustion, 
atomic power, and astrophysics. 


RESEARCH LABS 


A new high-energy research 
building is planned for the Nevis 
Cyclotron Laboratory of Columbia 
University, at Irvington, N. Y. To be 
completed in one year, the $430,000 
structure will contain nine labora- 
tories, plus other facilities. The 
building will be part of the Univer- 


(Continued on page 767) 
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SLALGRAMS gam 


METALS 


e«-news about metals and metal chemicals 


Electromet brand ferroalloys, 
pure metals and metal chemicals 


NOVEMBER - DECEMBER, 1959 


With 100 million pounds of polypropylene predicted for 1960 production, 
Union Carbide Metals' titanium trichloride will reach commercial status as a 
polymerization catalyst. But the Company's researchers are also looking to other 
fields for new uses of this high-purity compound. Areas of interest include the 
chemical and pharmaceutical industries where titanium trichloride has potential as 
a strong reducing agent (E° = —1.5 volts) for nitro compounds, biologicals, and 
other organics. Request Bulletin TTl-J4 for more details. 


* * * 


Columbium metal has finally yielded to casting techniques due to the 
efforts of engineers at Materials Manufacturing Department of the Westinghouse 
Electric Corporation, Blairsville, Pa. What is believed to be the first columbium 
casting made is an experimental tube blank measuring 4 in. 0.D. by 1% in. I.D. 
and 10 in. long. Using "ELECTROMET" columbium roundels, the metal was melted in 
a@ vacuum-are skull furnace and cast in a graphite mold. Bulletin cbB2j4 gives 
information on columbium metal and sheet. 


* * * 


Chloride derivatives of lower valent transition metals are Union Carbide 
Metals’ latest contribution to chloride chemistry. The Company's research team 
has produced, in experimental quantities, subchlorides of Cb, Cr, Ti, V, W, and 
Zr. Some of these have not been made before. "“Electromet" subchlorides are 


potentially applicable as catalysts, metal-plating compounds, reductants in organic 
Syntheses, and as intermediates for new organometallics. Bulletin MClI-J4 available 


* * * 


The largest order for wrought vanadium ever placed was recently awarded 
to Union Carbide Metals Company. The contract calls for approximately 300 pounds 
of vanadium mill products which will be used in an undisclosed military application. 
The Company's continuing efforts to increase the purity of vanadium metal have led 
to mill products with improved workability. Get Bulletin VMI-J4 on vanadium metal. 


* * * 


In resistance to oxidation and corrosion, chromium carbide excels most 
other metal carbides. Its high hardness makes it useful when bonded with nickel 
or other metals. For use in the tool industry, Union Carbide Metals’ chromium carbide 
is being pressed or sintered into dies and gage blocks whose thermal expansion 
characteristics are close to those of steel. This refractory compound has also 
been applied to surfaces by various metallizing methods. Send for BulletincCCl-]4 


* * * 


Silicon nitride which is 100% beta phase has recently been made possible 
by improved manufacturing techniques at Union Carbide Metals. Fabricated shapes 
of this new form of silicon nitride have extraordinary thermal shock resistance 
compared to previous alpha-beta mixtures. Foreseen applications include a 
refractory exposed to the combustion products of rocket fuels. See BulletinSNI-J4 


* * * 


Union Carbide Metals Company, Division of Union Carbide Corporation, P. 0. 
Box 330, Niagaru Falls, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 


The terms "Electromet" and "Union Carbide" are registered trade marks of Union Carbide Corporation 
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IMPORTANT McGRAW-HILL BOOKS 


ENGINEERING MANUFACTURING METHODS, Second Edition 


By Gilbert S. Schaller, University of Washington. 682 pages, $9.50. 


A straightforward revision of a book that has been very successfully used in Manufactur- 
ing Processes courses. Expanded and with new illustrations, the book presents a survey 
of the entire field of manufacturing in engineering and the manufacture of engineering 
products. To attain this goal, every phase of engineering manufacture is covered. In ad- 
dition, the introductory chapter deals with the broader phases of management adminis- 
tration as applied to manufacturing. 


INTRODUCTION TO SOLIDS 
By Leonid V. Azaroff, Illinois Institute of Technology. Ready in March. 


An introductory text for students, advanced undergraduate and graduate, of chemistry, 
ceramics, metallurgy, mineralogy, physics, and all engineering fields dealing with solids. 
The book covers a somewhat larger variety of topics than have been previously en- 
compassed in a single volume, but a deliberate attempt has been made to make most dis- 
cussions complete and authoritative. Primary emphasis is on underlying principles; practi- 
cal applications and specialized topics are omitted. The book concentrates on the struc- 
ture, nature, and properties of inorganic crystalline solids. 


METAL FATIGUE 


By George Sines, University of California, Los Angeles; and J. L. Waisman, Douglas Aircraft Company. 
McGraw-Hill UCLA Engineering Extension Series. 415 pages, $12.50. 


The most rational exposition of fatigue of metals to be found in one book. The editors have 
sought the leading authority for each subject and put the key information into print. Criti- 
cally selected bibliographies are provided, and the introduction includes a guide to fa- 
tigue literature, for those not thoroughly familiar with the field. The book presents a co- 
ordinated advanced treatment, by men who are experts, writing on their own specialties. 
Much of the subject matter is new. 


Send for Copies on Approval 


McGRAW-HILL BOOK COMPANY Inc. 


330 West 42nd St. New York 36, N. Y. 
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ENGINEERING | 
CENTER 


Ground-Breaking 


he backwash of Hurricane Gracie failed to daunt 

the Oct. lst ground-breaking ceremonies for the 
United Engineering Center. A crowd of some 500 
society members, foreign visitors, and guests braved 
blustery winds and intermittent downpours to see 
the Hon. Herbert Hoover turn the first shovelful of 
dirt, signalling the beginning of construction on the 
future New York home of some 250,000 members 
and 50,000 students who make up the sponsoring 
engineering societies. 

Former President Hoover represented the older 
generation of engineers. A degree in mining engi- 
neering from Stanford University in 1895 started 
him on a career that began in mines, railways, and 
metallurgy works in the US and abroad and reached 
its pinnacle in the White House. Among his many 
accomplishments is included a term as AIME presi- 
dent in 1920. 

Sharing in the earthturning was Jerry Fujimoto, 
representing the engineers of the future to whom 
the building was dedicated. Jerry is a member of 
the freshman engineering class at Rensselaer Poly- 
technic Institute, the oldest engineering college in 
the country. His Hawaiian birthright also makes him 
a member of the newest state in the Union. 

The need for new quarters to replace the over- 
crowded home of the engineering societies on West 
39th St., in New York, was recognized as early as 
1950. The gears of implementation finally began 
turning in 1955, and a fund raising campaign got 
underway in 1957. Soliciting the initial capital out- 
lay, meetings with architects and construction men, 
and the minutiae that go into such a project de- 
ferred the ground-breaking until this year. 

“Translation of[{that] dream into a reality,” as 
put by Andrew Fletcher, president of United Engi- 
neering Trustees, Inc., in his opening remarks, is 
scheduled for 1961. When completed, the United 
Engineering Center will be 18 stories, with 263,000 
sq ft of floor space occupying the full block between 
47th and 48th Streets on First Ave. It will house the 
main offices of 18 American engineering groups... 
the world’s most complete engineering library .. . 
an auditorium to seat 450. . .exhibit area... con- 
ference rooms... cafeteria . . . and other features. 

The rains subsided long enough for the remarks 
of the first two speakers on the program. Willis F. 


Thompson, chairman of the Real Estate Committee 
of United Engineering Trustees, Inc., pointed out 
that the structure “will symbolize recognition of 
the great responsibilities borne by the profession. To 
those young men who have yet to choose an engi- 
neering education, it will give inspiration. To our 
people who depend so much on the engineer to 
maintain our way of life, our security, and our free- 
dom, it will be a flaming beacon of faith and hope.” 

R. E. Dougherty, chairman of the Member Gifts 
Campaign Committee, was the second speaker. Com- 
peting with the noise of trucks and traffic on busy 
First Ave., Mr. Dougherty recounted the efforts of 
members in pledging $2,650,000 of their $3,787,000 
goal to date. 

Now the audience blossomed into a field of black 
and vari-colored “toadstools’ as umbrellas were 
hoisted in deference to the persistent rain. Mervin 
J. Kelly, Chairman of the Industrial Building Fund 
Committee, met the challenge with a hastily-read 
accounting of industry’s contribution to the building 
campaign. He announced that in just 22 months 
since the campaign’s inception $4.65 million of in- 
dustry’s $5 million goal has been achieved. The total 
anticipated cost of the building has been set at $12 
million. 

The Hon. Herbert Hoover was welcomed to the 
rostrum with a standing ovation by the slicker-clad 
gathering. 

The elder statesman punctuated the dedication 
ceremony with a brief message, ending in the fol- 
lowing words: “I have said before now that the job 
of the engineer is to take from the scientists their 
discoveries and from the inventors their findings, 
and to apply them for the use of the people every- 
where. The engineer starts with these stimulants to 
his imagination. He makes a plan on paper. Then 
he moves to its realization in cement, in metal, in 
stone, and in energy. Thus he brings jobs and better 
homes. This is high privilege among all professions. 

“The purpose of this great building is to facilitate 
these goals. It will play a great part in American life. 
It will serve all mankind.” 


Next followed the symbolic earth turning ...a 
brief benediction . .. and a hasty retreat by all con- 
cerned. RMS 
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INDIA 


BASES ITS FUTURE ON STEEL 


“Tomorrow’s India will be what we make it by today’s 
labours. I have no doubt that India will progress industrially 


and otherwise; that she will advance in science and tech- 
nology; that our people’s standards will rise; that education 
will spread and that health conditions will be better and 
that art and culture will enrich people’s lives. We have 
started on the pilgrimage with strong purpose and good 
heart, and we shall reach the end of the journey however 


members of Kaiser Engineers. 


Nnp1A’s leaders of today strive for a better India, 
[ cuided by the great humanitarian philosophy of 
the late Mahatma Gandhi and the continuing inspi- 
ration of their Prime Minister, Jawaharlal Nehru, 
who, with his late great leader, ranks among the 
truly outstanding figures of recent times. Their goal 
is an India that is better fed, better housed, better 
clothed, better educated, better cared for in every 
respect—a land that will offer ever-increasing op- 
portunity and expanding horizons for its teeming 
millions, all within a democratic concept of society 
without which material progress is meaningless. 

Today, however, much of India is a rural land, 
with some 75 to 80 pct of its population living in the 
villages and dependent on the land for their liveli- 
hood. Its population is increasing at a rate which, 
according to a recent Ford Foundation study, will 
add 80 millions to its present population of nearly 
380 million by 1966. Its average annual per capita 
income is among the lowest in the world—about $60 
in 1956-1957. The rate of capital formation is a 
trickle compared to India’s needs, and there is vast 
unemployment and under-employment. 

Mr. Nehru is reported to have remarked that the 
true status of a country is best gaged by the position 
of its women and the amount of steel it produces. 
With respect to his first premise, India’s graceful 
women enjoy the full franchise, participate fully in 
the social, academic, economic and political life of 
the country, and have a well-deserved reputation 
for wisdom, stability, and charm, With regard to its 
steel industry, India in 1958 celebrated 50 years of 
steelmaking at the great plant of the Tata Iron & 
Steel Co. at Jamshedpur. A tremendous program of 
expanding steel production is now underway; by 
1961 India will have a capacity of 6 million ingot 
tons, compared to the 1.8 million tons in 1955 when 
the program was launched. Continuing expansion in 
the future is also assured. 

India is fortunate in that its resources of high- 
grade iron ore, second only to Brazil in the world as 
a whole, comprise about 78 pct of the known re- 
serves in Asia and the Far East. Its estimated iron 
ore reserves amount to 21 biflion tons, and coal re- 
sources 60 billion tons. India is fairly well situated 
with respect to manganese, chromite, and titanium. 
Under the circumstances, it appeared clear to India’s 
economic planners that the country should not only 
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long that might be.” . . . Prime Minister Jawaharlal Nehru. 


A JOURNAL OF METALS exclusive, written in India by staff 


be producing its own requirements of iron and steel 
but, in the future, it must inevitably become the 
principal supplier of iron ore and steel to the less 
fortunately endowed countries in south and east 
Asia. Accordingly, a dynamic steel industry became 
one of the principal objectives in India’s blueprint 
for a fast-developing economy which would make 
for maximum utilization of India’s human and natu- 
ral resources and provide constantly rising living 
standards. 


Economic planning 


Since it achieved independence in 1947, India has 
initiated two five year plans and is currently put- 
ting together the bases for a third plan. The first 
plan, launched in 1951, was meant to correct both 
the economic maladjustments which resulted from 
World War II and the dislocations due to the forma- 
tion of the independent country of Pakistan in 1947. 
The first plan was also regarded as the foundation 
for all future developments. Agriculture was given 
high priority, together with the development of 
hydro-electric power on a large scale. Rehabilita- 
tion and expansion of India’s railways and other 
forms of transportation and communication were 
also high on the list. Achievements of the first plan 
were so impressive that a considerably more ambi- 
tious second plan was decided upon. Its task, ac- 
cording to the Planning Commission, is not only to 
raise living standards but to generate a dynamism 
in the economy which will make it possible to rise 
to higher levels of material well-being and intellec- 
tual and cultural achievements. More specifically, 
the second plan (covering the period March 1956- 
1961) postulates a sizeable increase in the national 
income. The long-term objective is to double per 
capita income and raise consumption standards by 
a little over 70 pct by 1977. Rapid industrialization, 
with emphasis on the development of basic and 
heavy industries . . . a large expansion of employ- 
ment opportunities . . . and a more equitable distri- 
bution of wealth and economic power are also ob- 
jectives. With basic steel the foundation of its 
industrialization program, India’s planners fixed the 
goal at the end of the second plan at 6 million ingot 
tons, or 4.69 million tons of finished steel. This goal 
is in the process of being achieved. 
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Central plant of 
the Tata Iron & 
Steel Co., Jam- 
shedpur, India. 


Among the contributions which a vital and ex- 
panding Indian steel industry is expected to make 
are the following: 

1. It will reduce to minor proportions the large 
amount of foreign exchange which India has 
hitherto had to expend on imports of steel. The 
foreign exchange thus released will be utilized in 
the importation of machinery and equipment essen- 
tial to India’s accelerated industrialization program. 

2. It will provide many and new permanent jobs; 
in the steel plants themselves, in the secondary in- 
dustries throughout the country that use steel, in 
the industrial complexes that develop around the 
steel centers, and elsewhere throughout the econ- 
omy wherever economic development is facilitated 
through an adequate supply of steel. 

3. It will provide growing opportunity for in- 
creased trade with other countries in Asia and the 
Far East which lack steel producing facilities, and 
will facilitate foreign trade in general. 

4. It will enable agricultural implements and in- 
dustrial machinery and equipment to be manufac- 
tured in India in progressively increasing quantities, 
thus meeting the needs of a dynamic economy. 

5. It will enable India to exploit natural resources 
and establish new industries which have hitherto 
been untouched or inadequately developed. 

6. Byproducts of the steel industry, such as 
chemical fertilizers made from coke oven gases, will 
tremendously benefit agriculture and industry. 

India’s ingot steel production capacity prior to 
World War II amounted to about 750,000 long tons. 
During the war capacity was increased to about 1.1 
million tons and in the postwar years, through 1955, 
the two existing steel companies, Tata Iron & Steel 
Co. at Jamshedpur, and Indian Iron & Steel Co. at 
Burnpur, were able to undertake badly-needed re- 
placement and modernization programs, increasing 
the capacity to about 1.7 million tons. The second 
five year plan not only provided for the expansion 
of these two privately-owned plants but also for the 
establishment of three new steel plants by the Gov- 
ernment of India itself. The target of 6 million tons 
ingot steel capacity was divided as follows: two 


million for Tata Steel, one million for Indian Iron, 
and one million each for the three new plants, to be 
located respectively at Bhilai, in Madhya Pradesh; 
Rourkela in Orissa; and Durgapur, in West Bengal. 
In addition, the small steel plant at Bhadravati, in 
Mysore, owned by the Mysore State Government, 
was to be increased in size from 30,000 to 100,000 
tons. 


National corporation formed 


The Government of India follows a policy of en- 
couraging what it calls a mixed economy, wherein 
there is both a public and a private sector. The three 
new plants mentioned above, now under construc- 
tion, are in the public sector and are to be owned 
and operated by a government corporation called 
Hindustan Steel Ltd. This corporation was origi- 
nally set up to own and operate the new steel plant 
at Rourkela but the management and direction of 
the new plants at Bhilai and Durgapur were also 
transferred to it during the 1957-1958 fiscal year. 

The three government steel plants are of special 
interest in that each plant is, directly or indirectly, 
sponsored by a foreign government and financed by 
long-term foreign loans. The Bhilai plant, in 
Madhya Pradesh, is supplied by and being built 
under the direct supervision of the Soviet Union; 
the Rourkela plant, in Orissa, is of German origin 
and is being built with the help of German techni- 
cians; while the Durgapur, West Bengal, plant is 
being built by a British consortium, with British 
equipment and material. The Government of India 
also has plans for a fourth new steel plant, to be 
located near Bokaro in central Bihar, and has en- 
gaged an Indian firm of consulting engineers to pre- 
pare a project report. Construction of this fourth 
plant is tentatively scheduled during the third 
five year plan. 

At present, India’s goal of 6 million tons produc- 
tive capacity for the second five year plan is well on 
the road toward realization. The expansion program 
of the Tata Iron & Steel Co. at Jamshedpur was 
completed early in 1959 and expansion of the Indian 
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Iron & Steel Co. works at Burnpur to 1 million tons 
is also understood to be complete. Pig iron produc- 
tion at Rourkela and Bhilai was officially inaugu- 
rated in February 1959, when India’s distinguished 
President, Dr. Rajendra Prasad, presided over 
blowing in ceremonies of the first blast furnace. The 
first open-hearth furnace is now reported in opera- 
tion at Rourkela, while at Durgapur, where con- 
struction got underway later than at Rourkela and 
Bhilai, the first blast furnace is scheduled to go into 
operation late in 1959. While each of the three 
government plants will have a rated ingot capacity 
of 1 million tons, they vary considerably in produc- 
tion techniques and product mixes. Brief details 
concerning each of the six Indian steel plants follow. 


Mysore Iron & Steel Works 


The small plant at Bhadravati, owned by the My- 
sore State Government, began production in 1923. 
It produces a limited range of merchant sections and 
other products. Its present capacity is about 30,000 
tons but expansion to 100,000 tons is planned with 
the addition of a cast iron spun pipe plant, a sinter- 
ing plant, a ferro-alloy plant, a billet mill and a 
structural mill. The product range would then be 
about 80,000 tons of bars, merchant sections, and 
medium structurals and about 20,000 tons of hoops 
and rods. 


Indian Iron & Steel Co. 


This company might be considered the lineal de- 
scendant of the first successful ironworks in modern 
India. The earliest attempt at the manufacture of iron 
and steel in India by modern methods was made in 
South Arcot, Madras Presidency, in 1830 but the 
enterprise failed. In 1874, the Barakar Iron Works 
was established on the Jharia coalfields in what is 
now Bihar; its works were acquired by the Bengal 
Iron & Steel Co., which became the Steel Company 
of Bengal in 1889. Pig iron production in 1900 
amounted to 35,000 tons. The Indian Iron & Steel Co. 
was formed in 1908 at Hirapur, near Asansol, Ben- 
gal, and was merged with the Steel Co. of Bengal 
on January 1, 1953, the composite company retain- 
ing the name of the Indian Iron & Steel Co. 

The Company’s iron and steel works are located 
at Kulti and Burnpur, near the town of Asanol in 
what is now the State of West Bengal. Modern 
foundries are also a part of the Kulti works. The 
Company’s annual output of 800,000 tons of finished 
steel will be broken down as follows: 120,000 tons 
of sheets: 250,000 tons of heavy rails, structurals, 
and sleepers; 280,000 tons of merchant sections, 
medium structurals, and bars; 10,000 tons of forging 
blooms and billets; and 140,000 tons of billets for 


sale. 
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Russian-built blast furnace at 
Bhilai, shown under construction. 


Recent plant additions at the company’s Burnpur 
works include two coke oven batteries; two blast 
furnaces, each with a capacity of 1,200 tpd; a Besse- 
mer converter; two tilting open-hearth furnaces; 
soaking pits; a bar mill; additions to the-billet mill 
and structural mill; and a 20-kw steam turbine 
generator. Its iron ore mines at Gua, Orissa, have 
also been expanded and mechanized to keep pace 
with increased ore requirements. 


Tata Iron & Steel Co. 


The company, usually referred to as TISCO, was 
established in 1907 at Sakchi, Bihar, 165 miles west 
of Calcutta. The large town which has subsequently 
developed there is known as Jamshedpur, after the 
founder of the enterprise. Pig iron was first pro- 
duced in 1911 and steel in 1913. 

The Tata Iron & Steel Co., with a present capacity 
of 2 million ingot tons, remains the largest and most 
diversified Indian steel plant. As its part in the sec- 
ond five year plan, the company undertook to in- 
crease its ingot steel capacity from about 1.3 to 2 
million tons and its finished steel capacity from 
about 931,000 to 1.5 million tons. To assist it in real- 
izing this goal, it employed the American firm of 
Kaiser Engineers, a division of the Henry J. Kaiser 
Co., as engineers and contractors. 

Two contracts were signed at Oakland, Calif., on 
December 20, 1955. The first, between the Kaiser 
Engineers div. and TISCO, provided for engineer- 
ing, procurement and construction management ser- 
vices outside India; while a second contract, be- 
tween Kaiser Engineers Overseas Corp. and the 
Indian company, provided for engineering, procure- 
ment and construction services in India. The initial 
contracts amounted to an estimated value in excess 
of $130 million. The Two Million Ton Program 
(TMP) was completed in February 1959 and TISCO 
is now bringing the new plant up to full production. 
Facilities include a new coke oven battery, two re- 
built and enlarged batteries, and extensive addi- 
tions to the byproducts plant. A new 28-ft diam 
blast furnace which, with high-top pressure opera- 
tion and sinter burden, is expected to produce 
nearly 2000 tpd; an ore crushing, screening and 
sintering plant will in due course increase the over- 
all blast furnace output by about 10 pct; a ladle re- 
pair shop; a new steel melting shop comprising two 
new hot metal mixers, three Bessemer converters 
and seven open-hearth furnaces; a new stripper 
yard; and a new rolling mill, consisting of soaking 
pits, blooming mill, a sheet bar and billet mill; and 
a medium and light structural mill. Such auxiliary 
features as a new steam plant, railway lines and 
power, water, steam, and sewer lines have also been 
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greatly augmented. A new ferro-manganese plant 
has been established at Joda, Orissa, and the com- 
pany’s iron ore, coal and limestone mines have been 
developed considerably. The climactic event of 
TISCO’s expansion program, the blowing in of the 
new blast furnace, took place in October 1958. 

Jamshedpur is located on the main Calcutta- 
Bombay railway line, in the heart of India’s most 
richly endowed mineral zone. The steel works there 
has always been an integrated facility, with the 
company owning and operating most of the mines 
upon which it depends for raw materials. Only 
fluorspar, spelter, sulfur, and certain ferro-alloys 
are imported. All of the company’s ore mines are 
within 100 mi of the plant. To increase ore output to 
the 3.4 million tons required by the augmented 
plant, TISCO has mechanized its Noamundi mine, 
on the Orissa-Bihar border, and has opened a new 
mine at Joda, Orissa. It also operates three smaller 
mines in Orissa. 

TISCO now requires 3 million tons of coal a year. 
Two-thirds of this amount is mined in its own col- 
lieries in the Jharia and Bokaro coalfields, while the 
remaining one-third is purchased from other pro- 
ducers. Most of TISCO’s limestone is obtained from 
another company, although some comes from com- 
pany-owned quarries. TISCO now produces its own 
ferro-manganese, in a ferro-manganese plant at 
Joda, Orissa, which went into operation about two 
years ago. Coking capacity at Jamshedpur has been 
increased from 3120 to 4400 tpd (with the addition 
of a new 26-oven battery and the rebuilding and en- 
larging of two older batteries, TISCO now has a 
total of 256 coke ovens). There are now six blast 
furnaces at Jamshedpur, with one on standby; blast 
furnace F, installed under the TMP, is the largest in 
Asia. 

The new sinter plant at Jamshedpur is the first in 
India. Consisting of two continuous sintering ma- 
chines, it has a rated capacity of 5000 tpd of sintered 
ore. The new iron ore crushing and screening plant 
has a capacity of 10,000 tpd. 

The heart of TISCO’s steelmaking operation is its 
new steel melting shop, No. 3, where 1,142,000 ingot 
tons per year can be produced by the scrap and 
blown metal process. The two older steel melting 
shops have a combined capacity of 840,000 tons, 
while an electric furnace produces at the rate of 
18,000 tons of steel per year, in all 2 million ingot 
tons. 

TISCO’s 1.5 million tons of finished steel capacity 
is composed of 250,000 tons of sheets and billets; 
250,000 tons of heavy rails, structurals and sleepers; 
542,000 tons of merchant sections, medium struc- 
turals and bars; 150,000 tons of skelp and strip; and 
250,000 tons of steel billets for sale. Its new 46-in. 
blooming mill, at full capacity, can itself process 
into slabs and blooms considerably more than half 
of the plant’s total production of steel ingots. The 
remaining ingots are processed in the older 40-in. 
blooming mill. 

With its new capacity of 2 million ingot tons, 
TISCO will still be producing one-third of India’s 
total output when the three new government plants 
have been completed and are operating at full 
capacity. 


Bhilai 


The Bhilai plant is being constructed under an 
agreement signed in February 1955, between the 
Governments of India and the USSR. The Soviet 


Union is also providing technical collaboration on 
plant operation, will provide a number of Russian 
technicians to help run the new plant until Indian 
personnel are able to assume complete responsibil- 
ity, and has undertaken to train a large number of 
Indian engineers and workers in Russian steel 
plants. 

The Bhilai plant will emphasize the production of 
heavy steel rails and structurals. Much of its raw 
materials will be obtained from the same sources as 
the new steel plant at Rourkela being built with 
German collaboration. Bhilai will have a sintering 
plant, and its three blast furnaces will operate 
under high-top pressure. 

Bhilai is located in the Durg district of Madhya 
Pradesh State, on the main railway line between 
Calcutta and Bombay and nearly equally distant 
from both. Most of the Russian material and equip- 
ment was imported through the port of Visakhapat- 
nam and the balance through Bombay and Calcutta. 
Except for such local items as cement and timber, 
the entire plant has virtually been imported from 
Russia. 

Iron ore for the new plant, which will require 
about 2.5 million tons per year, will come primarily 
from the Rajhara hills—some 60 mi away—where 
a mechanized mine of Soviet design is being opened 
up. Coking coal will come from the same fields ser- 
vicing the other Indian steel plants, Jharia and 
Bokaro, while slack coal for the power station will 
come from the nearby Korba coalfields. A suitable 
limestone deposit some 15 mi away is being opened 
up and manganese will also be obtained in Madhya 
Pradesh. Bhilai will have three coke oven batteries 
of 65 ovens each, with a capacity of 1,145,000 tons of 
coke a year, leaving a small surplus for sale. Two 
blast furnaces will produce pig iron for the open 
hearths while the third will produce foundry iron. 
The blast furnaces are of similar design, with a 
rated capacity of 1,135 tons each, and will operate 
under a high-top pressure of about 1 atm. Each 
blast furnace will have two dust catchers and will 
operate with constant moisture content blast. Six 
stationary open-hearth furnaces will produce 1 mil- 
lion ingot tons of carbon steel, as well as a small 


Gas cleaning plant at the German- 
built Rourkela works. 
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amount of low-alloy steel. The plant’s 770,000 tons 
of finished products will include 110,000 tons of 
heavy rails and fish plates; 284,000 tons of heavy 
structurals; 121,000 tons of rounds; 90,000 tons of 
sleeper bars; 15,000 tons of flats; and 150,000 tons of 
billets for sale to re-rolling mills. In addition, about 
300,000 tons of saleable pig iron will be produced. 
Its mill facilities will comprise a blooming mill, a 
continuous billet mill, a rail and structural mill and 
a merchant mill. 

While the Bhilai plant will have its own 24,000- 
kw thermal plant for standby purposes, the main 
source of power will be the new thermal power sta- 
tion at Korba, about 160 mi away. Water for the 
plant is supplied through a system of dams and res- 
ervoirs. 


Rourkela 


The Rourkela plant is notable in that it will pro- 
duce flat products only, will be the only Indian steel 
mill to use the LD oxygen process, and will have 
a fertilizer plant based on its own byproducts. 

Rourkela is located slightly more than 250 miles 
west of Calcutta, on the main Calcutta-Bombay rail 
line, in the State of Orissa. It will draw its iron ore 
from a high-grade deposit some 50 mi away. Lime- 
stone, dolomite and manganese are also close at 
hand, 

The Rourkela plant was originally intended to be 
a joint venture between the Government of India 
and the German Krupp-Demag interests, with an 
annual capacity of 500,000 tons. In 1955, however, 
with the crystallizing of the second five year plan, 
it was decided to increase the size of the plant to 1 
million tons, and it was subsequently decided that 
the plant would be wholly-owned by the Indian 
Government, with the Krupp-Demag participation 
limited to providing consulting services. 

The plant and equipment are being supplied by a 
number of German manufacturers, in accordance 
with a long-term loan provided by the West Ger- 
man Government. As in the case of Bhilai, the bulk 
of the material and equipment has been imported. 
The plant proper will comprise three coke oven bat- 
teries of 70 ovens each, three blast furnaces, each 
with a capacity of 1,000 tpd; three converters, each 
of 40 tons capacity; four 80-ton stationary open- 
hearths; and an extensive plant to roll flat products. 
Three-fourths of Rourkela’s ingot production will 
come from its LD converters. The plant’s rolling 
mills, with a capacity of 1.8 million ingot tons, are 
extensive: a blooming and slabbing mill, a heavy 
billet mill, a continuous strip mill, a cold rolling 
mill, and a tinplate mill. Its total output of 720,000 
tons annually will be divided as follows: 200,000 
tons of plates, 470,000 tons of hot and cold rolled 
sheets, and 50,000 tons of tinplate per year. Rour- 
kela’s continuous strip mill will be the first of its 
kind in India and the plant will also give India, for 
the first time, domestically-produced plates up to 
110 in. and cold rolled sheets up to 60 in. in width. 

Byproducts from the LD process, hydrogen from 
coke-oven gases and nitrogen from the oxygen 
plant, will be combined to produce ammonia. Am- 
monium nitrate will be further combined with lime- 
stone fines to produce about 600,000 tons of nitro- 
limestone fertilizer a year, a fertilizer which has 
been found to work well in the soils of Orissa and 
West Bengal. 

A 75,000-kw power plant is being built within 
the plant area to utilize surplus gases and provide 
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power to supplement that obtained from the nearby 
Hirakud hydroelectric station. Water will be ob- 
tained from the nearby Sankh river. A new earth 
dam has been built about 15 mi upstream on the 
Sankh river to store adequate reserves. 


Durgapur 

The third of the new integrated plants is being 
constructed at Durgapur, a small community in 
West Bengal located about 100 mi northwest of Cal- 
cutta on the main Calcutta-New Delhi railway line. 
It is being built by a consortium of 13 British firms 
and, except for Indian materials such as timber, 
bricks, cement, and so on, consists of British mate- 
rials and equipment. Work started on the project 
late in 1956, final agreement with the Indian Gov- 
ernment having been reached in October of that 
year. 

Iron ore supplies for the plant will be obtained 
from new mines now being developed at Bolani, in 
the State of Orissa, while coal requirements will be 
met by blending metallurgical coals brought in from 
Jharia with high-volatile semi-coking coals from 
Barakar. Limestone for the Durgapur plant will 
come from the sources supplying the Rourkela 
plant. 

The Durgapur steel plant, with a planned output 
of 790,000 tons of finished steel, will in some re- 
spects be the most imposing of the three new steel 
plants. It has been planned to produce 100,000 tons 
of forging blooms and forging bars annually; 240,- 
000 tons of merchant sections; 200,000 tons of light 
sections; 60,000 tons of sleeper bars; 40,000 tons of 
wheels, tires and axles; and 150,000 tons of saleable 
billets. About 350,000 tons of pig iron for export will 
also be produced. Each of its three coke-oven bat- 
teries will have 78 coke ovens, with a total carbon- 
ization capacity of 5,200 tpd. Ovens will be of the 
underjet compound type, using blast furnace gas as 
their usual fuel, although coke oven gas can be 
burned when available. Durgapur’s three blast fur- 
naces, each with a rated capacity of 1,250 tpd of pig 
iron, will be larger than the blast furnaces in either 
the Russian or German plants. All furnaces have 
been designed for high-top pressure operation. 

The steel melting shop will consist of eight basic 
open hearth furnaces, seven of 200-ton and one of 
100-ton capacity. It is planned to pre-refine molten 
iron by using an oxygen lance in the mixer trans- 
former ladles. The five major rolling mills are made 
up of a 42-in. reversing blooming and slabbing mill, 
an intermediate mill, an eight-stand continuous bil- 
let mill, a merchant products mill, and a medium 
structural mill. The wheel and axle plant will have 
forging, machining and assembly equipment suffi- 
cient to produce 45,000 railway carriage and wagon 
wheel sets per year. 

The primary power source for the Durgapur plant 
will be a new 150,000-kw thermal power station 
that is being built adjacent to the plant by the West 
Bengal Government. The Durgapur plant will also 
have its own 15,000-kw thermal station for standby 
purposes. Water will be obtained from the Damodar 
river by means of a canal now under construction. 

The first coke oven battery at Durgapur has re- 
cently been placed in operation. The first blast fur- 
nace is scheduled to be blown in late in 1959. 


Training programs 
While the new steel plants and the townships sur- 
rounding them are under construction, the Govern- 
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Air view of the British- 
built Durgapur works. 


ment of India has initiated large-scale training pro- 
grams in steel plant operation. The men trained 
under these programs will provide the necessary 
nucleus around which the operating department at 
each plant will be built. With the cooperation of the 
American steel industry and with financing largely 
provided by the Ford Foundation, about 900 Indian 
engineers and operating personnel have been or are 
being trained in the US; about 700 Indians are being 
trained in Russia to operate the Bhilai plant; and 
several hundred more are being trained in Germany 
and in Britain and Australia for the operation, res- 
pectively, of the German and British plants. The 
existing steel plants at Jamshedpur, Burnpur, and 
Bhadravati have also undertaken training programs 
to turn out about 1,000 skilled workers each year, 
and engineering plants in Bombay and Calcutta 
have contributed sizeable quotas of skilled workers. 
The minimum requirements of trained personnel, 
when the new steel plants go into full operation, 
will be 6300 workers at each plant. 

The number of operations people at each of the 
three plants will not, of course, represent the total 
number of persons who will be employed and will 
have to be housed in the industrial complexes which 
are springing up around the three plants. Hindustan 
Steel is proceeding on the basis that cities with a 
population of at least 100,000 will soon develop 
around each plant, and construction of townships is 
planned accordingly. The initial target is about 7500 
homes at each location, together with shopping cen- 
ters, schools, health facilities, and public utilities, 
such as electricity, water, and sewage disposal. It is 
planned that each steel center will have its own 
liberal arts and engineering colleges. 


Future plans 


The production target to be achieved during the 
third five year plan has been tentatively set at 10 
million tons. New capacity to be added to the three 
government plants has been set at 2.5 million tons. 


Plans to achieve the remaining capacity of 1.5 mil- 
lion tons are still in process of formulation, but it is 
anticipated that this increase will be reached 
through increasing capacity in the private sector, 
including expansion of re-rolling plants, and 
through the establishment of a fourth new steel 
plant at Bokaro in Bihar. The site for this fourth 
new plant has been selected and some preliminary 
work is underway. This fourth plant presumably 
will be in the public sector, assuming that adequate 
financing arrangements can be made. 

Bokaro is on the edge of a major coalfield and is 
the site of a 200,000-kw thermal power station. In 
many respects, a plant at Bokaro would be more ad- 
vantageously located than any of the three new 
government steel plants now under construction. 
The coal at Bokaro is of excellent coking quality 
and can be easily mined by opencast methods, while 
iron ore can be drawn from rich deposits within a 
radius of 100 mi. About the only thing not present 
in this appealing picture is communications, espe- 
cially roads and bridges over the adjacent river. 
But this too can be easily rectified. Present plans 
look forward to a plant at Bokaro of not less than 
2.5 million tons. 


Conclusions 


With the bases of a dynamic economy—transpor- 
tation, communications, power, heavy, and light in- 
dustry—being rapidly laid, the Indian steel industry 
looks ahead to a bright future. India realizes that, 
with its tremendous population, even a small annual 
increase in per capita consumption of steel will 
mean constant expansion of its burgeoning steel in- 
dustry. It also realizes that the under-developed 
countries of the area, each with its own ambitious 
plans for improving its economy, will look increas- 
ingly to India as a major source of supply for steel 
and products made from steel. Under the circum- 
stances, India hopes to double its steelmaking capa- 
city every few years. Its plans appear to be entirely 
possible of realization. 
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A METALLURGIST LOOKS AT CERAMICS 


To better understand the properties of metals, a metallurgist may look at 
ceramics. In this article are described many of the properties of ceramics 


and their parallels in metals. 


by J. E. Burke 


NE may well ask: “Why should a metallurgist 
look at ceramics? Are there not enough prob- 
lems in metallurgy to keep him busy?” 

Of course there are problems in metallurgy: 
problems in finding improved metals to meet the 
needs of new or more severe applications, and prob- 
lems in better understanding why metals behave as 
they do. The important reason why a metallurgist 
should look at ceramics with great care is that in 
ceramics he will find at least partial answers to both 
of these problems. 

Ceramics are intrinsically better suited than 
metals for many applications, for example at high 
temperatures or under some corrosive conditions. 
Some properties of ceramics are not observed in 
metals—for example, they are electrical insulators 
and are transparent. Finally, because ceramics are 
solids, as are metals, understanding their behavior 
provides a greatly broadened base for understand- 
ing the behavior of all solids, both crystalline and 
amorphous. The metallurgist may both learn from 
and make contributions to this sister science and 
technology. 

As J. H. Hollomon pointed out in an earlier issue 
of this journal,’ metallurgy and ceramics are two 
major subdivisions of the broader fields of materials 
engineering and science. They have been closely re- 
lated since the earliest times, and it seems clear that 
it was the development of high temperature tech- 
nology by the early ceramists of the Middle East 
that set the stage for the first reduction and vasting 
of copper about 3500 B.C. Through the years, the 
continued use of ceramic refractory materials by 
metallurgists has maintained the close relationship. 
In most recent times, the application of the same 
body of physical and chemical science to these two 
materials technologies has further strengthened the 
ties. 


Scope of ceramics 


For this discussion, it is assumed that all inorganic 
engineering materials are either metals or ceramics. 
Some difficulty is encountered in classifying certain 
borderline materials such as graphite, intermetallic 
compounds, or carbides, but in general, the assump- 
tion is useful. The term ceramics thus includes non- 
crystalline glass, the glass-bonded crystalline ag- 
gregates such as porcelain, and single-phase crys- 
talline compounds such as oxides, sulfides, and 
halides, and usually the borderline materials 
mentioned above. 

The traditional ceramics industry is based entirely 
upon silicates. Glass, pottery, porcelain, cements, 
and other products are made by processing natural 
minerals, and most scientific research in this area 
has been devoted to understanding the chemistry of 
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these processes. In the last two decades a whole 
new class of materials has appeared in response to 
the special needs of high-temperature engines, elec- 
tronic devices, nuclear energy, and so forth. Most of 
these new materials are single-phase, polycrystal- 
line oxides whose structure is shown in Fig. la to be 
closer to that of a polycrystalline metal than to the 
structure of the glass-bonded crystals of a typical 
porcelain, as shown in Fig. 1b. 

The exacting requirements of these new applica- 
tions have stimulated a much more detailed study 
of the properties of these new ceramics and their 
origins, so that they can be properly controlled. 
Thus, we see another parallel to metallurgy in the 
growth of a new science of physical ceramics, which 
complements the older science of ceramic processing 
exactly as physical metallurgy complements process 
metallurgy. 

While the ceramics industry is much smaller than 
the metals industry, it is still one of the major in- 
dustries of the country. The annual business is of 
the order of $5 billion, depending somewhat upon 
what is included. 


Uses of ceramics 


The term ceramics includes a broad range of 
materials, and there is a corresponding broad range 
of uses and properties of importance. In general, 
electrical properties are much more important in 
ceramics than in metals; and of course, major use is 
made of their unique mechanical, magnetic, optical, 
and chemical properties. 

Porcelain and glass insulators of the type seen on 
telephone poles and electrical power transmission 
lines have long been used. The same use is con- 
tinued in many electronic devices, but the higher 
frequencies, sometimes higher temperatures, and 
more sensitive devices impose much more severe 
restrictions on the electrical properties of the mate- 
rials. For example, dielectric losses in the ceramic 
must be carefully controlled. One mechanism of loss 
is electrostatically induced diffusion of sodium ions 
in the glassy phase of the ceramic. New low-loss 
ceramics, like that used for the insulator in the 
miniature vacuum tubes, are made either by elimi- 
nating the glassy phase and using a fully crystalline 
ceramic, or by eliminating sodium. 

Another important class of new ceramics is a 
group of magnetic oxides related to magnetite, Fe,O,, 
in which part of the iron is replaced by other metals 
such as zinc, manganese, or nickel. Most of their 
uses depend upon the possibility or reversing the 
direction of magnetization in a very short time. In 
the soft magnetic metals, eddy currents are set up 
when the direction of magnetization is changed. 
These oppose the change in magnetization, and 
time is required for them to decay. No such eddy 
currents appear in the electrically insulating fer- 
rites, so they may be used as cores in high frequency 
transformers, as components of bistable elements of 
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computer memories, and in other electronic devices 
where short reversal time is at a premium. 

Another class of ceramic uses involves their in- 
trinsic chemical inertness, particularly under oxi- 
dizing conditions. We are all aware of glassy enamels 
used to coat steel for kitchen appliances, chemical 
processing equipment, and even for some high- 
temperature applications. Uranium dioxide has be- 
come a nuclear fuel of major importance for this 
same reason—chemical inertness. From a_ purely 
nuclear standpoint, uranium metal is a superior 
fuel, but it is corroded with almost explosive vio- 
lence by the hot water found in modern nuclear 
reactors. Uranium dioxide is inert and acceptable 
from a nuclear standpoint, and is being used in a 
majority of the new power reactors now being de- 
signed. Great effort is presently being made to 
develop improved commercial methods for fabricat- 
ing this material into suitable fuel elements. 

Most metallurgists are primarily interested in the 
strength properties of materials, and to them one 
of the most exciting possibilities for ceramics is that 
of utilizing them as load bearing members of struc- 
tures where the high-temperature strength and 
chemical inertness of these materials can be utilized. 
The restriction is, of course, the brittleness of cer- 
amics, which leads to a low technological strength. 
Of course, the traditional uses for ceramics such as 
brick and tile have been structural, but the loads 
have been compressive and low. Now, new ceramics, 
which have much higher strength, are being de- 
veloped by proper control of microstructure; they 
can be used in new applications, cutting tools for 
example. This high-aluminum-oxide ceramic has a 
transverse rupture strength of nearly 100,000 psi, 
and, although it breaks in a brittle fashion, will 
withstand severe impact. It also cuts metals at 
higher speeds than any metallic or cemented carbide 
cutting tool. 


Processing of ceramics 


The science of ceramics processing has long been 
an active field of ceramics research. The whole of 
classical ceramics is built upon the truly remarkable 
plasticity of clay and water, together with certain 
other silicate minerals, and a great deal of research 
has been devoted to the study of the rheology of 
these mixtures. Almost all the standard metal 
working operations can be carried out on them— 
casting (of a dilute slip) into an absorbent mold 
where abstraction of water plays the same role as 
abstraction of heat in metal casting, extrusion, 
spinning (on a potters wheel), pressing into a die, 
and so forth. 

After forming, silicate ceramics are given a heat 
treatment more severe than that ever intentionally 


Fig. 2— Widman- 
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Fig. la—(left) Microstructure of a ferrite, typical of many single- 
phase oxides (500X). Fig. Ib—(right) Microstructure of a typical 
porcelain. Matrix—glass formed from molten feldspar and clay; 
small di lumi silicate mullite; large pieces—flint 
(1000X). Reduced 50 pct for reproduction. 


given to a metal. A variety of chemical reactions go 
on: the clay is decomposed, and partial melting 
occurs (although shape is retained because the 
liquid is exceedingly viscous, and because an in- 
ternal skeleton of unmelted crystals gives some 
rigidity). A typical microstructure of such a por- 
celain was shown in Fig. 1b. The matrix is a high- 
silica glass formed by the melting of feldspar in the 
green body, and by the decomposition of clay. The 
needle-like crystalline phase mullite, which can 
just be seen, is an aluminum silicate also formed 
when the clay decomposed. The large particles are 
crystalline quartz, added to provide the internal 
skeleton; they have partially dissolved in the glass 
to give a reaction ring which can just be seen. The 
silica undergoes a phase transformation during 
cooling which gives rise to stresses, producing the 
cracks that may be seen around the silica particles. 


Single-phase ceramics 


Most of the new-phase ceramics are fabricated 
by a process which superficially resembles the pro- 
cess used to make porcelains—powders are formed 
to a shape and then fired to give a dense and strong 
product. The powder metallurgist uses an identical 
process. However, in the new materials no melting 
occurs, and consolidation occurs entirely by solid 
state sintering. A common problem faced by ce- 
ramics and metals scientists has been to understand 
the mechanism of densification and pore removal 
which occurs during this process. 

Progress in the understanding of sintering has 
been rapid in recent years, and one of the important 
advances has been the recognition of the role of 
grain boundaries, and of the related fact that ex- 
treme grain growth usually occurs during sintering 
and strongly inhibits pore elimination. A con- 
sequence is that most ceramics made by sintering 
powders have a residual porosity of 5 to 10 pet. It 
has recently been observed that if grain growth is 
properly controlled during sintering, aluminum 
oxide can be sintered to theoretical density. In 
single phase ceramics, one of the important effects 


Fig. 3— Evapora- 
tion of Al.O, crys- 
tal in dry He. Lower 
crystal shows initial 
size. (Courtesy J. 
May) 
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Fig. 4—Hardness indentations in glass. Cracks in right photo ap- 
peared about 5 min after indentation as a result of static fatigue. 
(Courtesy A. Peat) 


of pores is to scatter light and make the ceramic ap- 
pear white. This pore-free aluminum oxide, called 
Lucalox, is nearly transparent. There is a slight re- 
sidual milkiness, because some light scattered at the 
boundaries between the optically anisotropic grains. 
It will be most interesting to learn something of 
mechanical and electrical properties in this material 
which is almost unique among ceramics in that it 
is a polycrystalline, nonporous oxide. 


Atmosphere control 


While we normally think that ceramics are chem- 
ically inert, and thus should be easy to heat treat, 
the fact is that heat treating atmospheres must be 
as carefully controlled for ceramics as they are for 
metals. If a ferrite is fired under proper conditions, 
a single-phase product as shown in Fig. la is pro- 
duced. If, however, the atmosphere is too strongly 
oxidizing, a Widmanstatten precipitate of a hema- 
tite-like (Fe.O,) phase appears in the magnetite 
matrix, as shown in Fig. 2. The effect upon magnetic 
properties is disastrous. During the processing of 
these materials the partial pressure of oxygen in the 
atmospgere must be controlled with precision to 
prevent the appearance of this phase. 

Another possible effect of an improper atmosphere 
is to produce a volatile phase. Beryllium oxide 
evaporates rapidly as Be(OH), in the presence of 
water vapor, and magnesium oxide evaporates ex- 
ceedingly rapidly under even slight reducing condi- 
tions. Even as stable a compound as aluminum oxide 
forms a volatile lower oxide, possibly Al,O, in care- 
fully dried hydrogen. Such an oxide may lead to 
erosion, as shown in Fig. 3. This aluminum oxide 
single crystal was heated for several hours in 
hydrogen with a dew point at liquid nitrogen tem- 
perature. The rapid attack is obvious on the right 
hand part of the upper crystal. Under all but the 
most strongly oxidizing conditions, ceramics seem 
to be as susceptible as metals to a variety of kinds 
of corrosive attack. 


Mechanical properties 

Plastic flow in ceramics, particularly in single 
crystals of alkali halides, has been studied for many 
years, and an excellent review of the extensive 
German work of the late 1920’s and early 1930’s 
may be found in the book by Schmidt and Boas on 
crystal plasticity.’ It remains one of the most glam- 
orous areas of ceramic research, and the glamour is 
not altogether unassociated with the hope that a 
magic key will be found which will permit the 
brittleness to be overcome to the extent that ceram- 
ics may be used to replace metals in certain engi- 
neering applications. 

As far as ability to undergo plastic deformation 
is concerned, we can divide ceramics into three 
classes: 

I) Those which will not plastically deform 
under any conditions; 
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II) Those which will deform at elevated tem- 
peratures but not at low temperatures— 
(there are two sub-classes of these which 
will be discussed below); and 

III) Those which will undergo plastic deforma- 

tion at room temperature more or less like 

a metal. 


Class I: It is possible that, strictly speaking, there 
is no representative of Class I. But under most con- 
ditions of testing, it appears that quartz is a repre- 
sentative, since no gross plastic deformation has 
been produced in it—even though attempts have 
been made using high hydrostatic pressures to pre- 
vent cracking. The reason for the slight reservation 
is that it is possible to make indentations in quartz 
with a hardness indenter—the mechanism by which 
the deformation is produced under these conditions 
is not established. 

Class II: The majority of nonmetallic materials 
may probably be deformed plastically only when 
hot, and thus fall into Class II. This behavior im- 
plies that the fracture stress of these materials is so 
low compared to the flow stress that they break 
rather than deform when stressed at room temper- 
ature. At higher temperatures, the flow stress is 
lower, and plastic deformation may occur in re- 
sponse to a stress. 

One group of materials in this class is the glasses. 
At high temperatures they flow in a viscous fashion 
like other liquids, but at low temperatures the vis- 
cosity becomes so high that they cannot deform, but 
undergo brittle fracture. The dividing line in tem- 
perature depends upon the strain rate: in viscous 
flow, the stress that can be developed in the piece 
is proportional to the strain rate, and the higher 
the strain rate, the higher the temperature must be 
not to have the stress exceed the fracture stress of 
the material. Incidentally, one can extrapolate the 
high-temperature viscosity of glass to room temper- 
ature to permit an inquiry into the old wives’ tale 
that glass tubing will bend slowly on the laboratory 
rack, and that the glass in old cathedral window 
panes has sagged to make them thicker at the bot- 
tom. The conclusion is that the tales are just that, 
old wives’ tales. The viscosity of glass at room tem- 
perature must be of the order of 10" poises, an al- 
most astronomic value. 

Under the special conditions existing under a 
hardness indenter, it is possible to deform glass at 
room temperature, as shown in Fig. 4. Both photo- 
graphs are of the same hardness indentation, the 
one on the left was made immediately after indenta- 
tion, the photograph on the right was made about 
five minutes later, after the crack had appeared. The 
appearance of this crack illustrates another im- 
portant fact about the mechanical properties of 
glass. The stress that it will support is a function of 
time, a behavior called static fatigue by the glass 
people, because the glass appears to grow weaker 
with time. Static fatigue was responsible for the 
cracks shown in Fig. 4. There is a residual stress 
in the glass around the hardness indentation. This 
stress increases the rate of water vapor attack on 
the glass surface, and causes small surface imperfec- 
tions to develop into minute cracks which pene- 
trate until the stress concentration is so great that 
fracture occurs. Exactly the same process oper- 
ates in all commercial glasses, so there is a close re- 
lationship between corrosion resistance and strength 
in glass. 
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Most materials that we call ceramics are crystal- 
line aggregates bonded together with glass. They 
possess most of the mechanical properties we would 
expect to be associated with such aggregates. At high 
temperatures they may be deformed slightly if it is 
done slowly. At room temperature they cannot be 
deformed at all. The phenomenon of static fatigue 
operates, but it is less important than in single- 
phase glasses, because the dispersed crystalline 
phase helps to stop the propagation of cracks that 
may form in the glass phase. 

There is a second group of nonmetallic materials 
in this second class that undergoes deformation only 
at high temperatures, typified by sapphire, which is 
single crystal aluminum oxide. 

Single crystals have been bent at a temperature of 
about 1800°C. Close examination of the surface 
shows that there are slip lines which closely re- 
semble those of metals. Qualitatively, there is a 
resemblance to viscous flow in that the flow stress 
increases rapidly with increasing strain rate and 
with decreasing temperature for the strain rate. 
However, the resemblance is merely qualitative be- 
cause the flow stress increases exponentially with 
increasing strain rate in aluminum oxide, while in 
viscous flow it is proportional to the strain rate. 

Kronberg has attempted to understand this be- 
havior in terms of the atomic structure of disloca- 
tions on this material, and of the atom movements 
necessary to move dislocations. He concludes that 
the process is very seriously different from that 
which occurs in a metal. While in detail the ex- 
planation is very complex, a simplified explanation 
of the concept which accounts for the different be- 
havior shall be attempted. 

The unit process is illustrated in Fig. 5. Alumi- 
num oxide has a structure which consists of oxygen 
atoms in a close-packed array, as shown in the bot- 
tom layer in Fig. 5. In the second layer are found 
aluminum ions which are located at certain inter- 
stices, as shown by the black balls. The second layer 
of oxygen atoms can be thought of as occupying the 
same kinds of sites as the aluminum ions. If there 
were no aluminum ions present, the unit slip process 
would be exactly the same as the one which occurs 
in metals: the oxygen atoms would move across a 
saddle from one low energy position to another, as 
shown by the arrow, and the co-operative move- 
ment of all atoms on one side of a plane relative to 
those on the other side would accomplish a unit 
movement of a dislocation. In the presence of alumi- 
num ions the process is more complicated, because 
the aluminum ions occupy the sites to which the 
oxygens would like to move under the influence of 


Fig. 5—Synchroshear mechanism of slip in aluminum oxide (explanation in text, after Kronberg). 


the applied stress. For the oxygens to move, it is 
necessary for the aluminum ions to simultaneously 
move to a new set of positions, as shown by the 
arrows in the figure. The aluminum ions move in a 
direction 120° to the direction of movement of the 
oxygens. This process, called synchroshear by Kron- 
berg, resembles a diffusion process in that the alum- 
inum ions move with respect to all of their nearest 
neighbors. This movement will be easier at higher 
temperatures, thus one can at least qualitatively 
understand why the flow stress in aluminum oxide 
is lower at high temperatures. 

Class III: The third and final class of ceramic ma- 
terials undergo some plastic deformation at room 
temperature. They are typified by the alkali halides 
and some oxides, such as magnesium oxide, which 
have the rock salt structure. In these materials the 
flow stress is much more nearly independent of 
temperature than it is in aluminum oxide, and strain 
rate does not seriously affect the flow stress. The 
structure of these materials is such that, on the 
operative slip plane, one electrically neutral layer 
moves over another. Synchroshear is not necessary, 
so that the whole deformation process resembles, 
much more closely, that which occurs in metals. 
That is not to say that they are very readily de- 
formed. At room temperature fracture occurs if the 
greatest care is not taken to prepare the specimen. 
At higher temperatures, where the material is some- 
what softer, more severe bending is possible. Ex- 
tensive investigations of the plastic behavior of these 
slightly ductile materials are under way at a number 
of laboratories. 


Other properties 

There are of course many more aspects of ceramic 
science and technology that might have been dis- 
cussed. Very detailed studies of electrical and mag- 
netic properties are being made at a number of 
places. Phase relations . . . techniques for growing 
single crystals . .. the reactions which occur in clay 
upon heating . . . and precipitation phenomena in 
glasses giving rise to products like Pyroceram, are 
also important areas of study. 

The field is growing rapidly, and it has been pos- 
sible here to discuss only superficially a few parts of 
it. The most rapidly growing aspect is that which 
concerns itself with improving the understanding of 
ceramic properties’ origin. It is particularly in this 
area that the metallurgist has the greatest oppor- 
tunity to learn from and to contribute to ceramics. 
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EUROPIUM AND SAMARIUM REDUCTION 


Lanthanum and cerium have proven to be successful reductants of these 
rare-earth metals which exhibit attractive high thermal-neutron-cross- 


sections. 


REPARATION of high-purity rare-earth met- 
p als in larger than gram quantities has occurred 
mainly during the last 3 to 5 yr. Rapid developments 
leading to the preparation of the pure individual 
rare-earth elements were made possible largely as 
a result of the application of ion exchange techni- 
ques to the separation of pure rare-earth compounds.’ 

With the exception of samarium, europium, and 
ytterbium, which form very stable divalent com- 
pounds, the rare earth elements can be prepared by 
the metallic reduction of their anhydrous chlorides 
or fluorides® *. Samarium and ytterbium were first 
prepared by Daane by a direct reduction of the rare- 
earth oxide using another rare earth, lanthanum, 
as a reductant.‘ Later europium was prepared by 
this same method and values were reported for many 
of its physical properties.” ° 

The work to be described in this paper was part 
of a larger program conducted by the US Bureau of 
Mines to develop new methods for the preparation 
of high-purity rare-earth metals. Europium and 
samarium were of particular interest because of 
their high cross sections for the capture of thermal 
neutrons. Because of the possible application of these 
metals in nuclear reactor technology, processing 
methods studied in this program were directed 
toward procedures that would permit ready expan- 
sion to relatively large-scale operation. 

Since both samarium and europium form very 
stable divalent compounds and are difficult to pre- 
pare by the metallic reduction of their halides, the 
reduction procedures studied in this investigation 
were based on methods in which the metals could be 
prepared through a displacement of equilibrium 
conditions. In this way even reactions that exhibit 
very large positive free energy changes could be 
used, if proper conditions were chosen. 

For this study, the reduction techniques were 
similar to those used in the Pidgeon process for the 
production of magnesium, in which magnesium 
oxide is reduced with silicon. The main criteria for 
a successful process are that the product metal has 
an appreciable vapor pressure, while all other com- 
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the US Bureau of Mines Experiment Station, Albany, Ore. This 
paper was presented at the AIME Annual Meeting, San Francisco, 
February 1959. 


744—JOURNAL OF METALS, NOVEMBER 1959 


by T. T. Campbell and F. E. Block 


ponents of the reaction possess negligible vapor 
pressures at the reaction temperature. 

Both samarium and europium fulfill these re- 
quirements, since each element has a measurable 
vapor pressure at elevated temperature while their 
oxides do not. The only other requirement is that 
the reductant metal and its oxide also have neglig- 
ible vapor pressures. 

Of the metals that might be used for reducing 
samarium or europium oxides, lanthanum, cerium, 
zirconium, and aluminum were tested. It was an- 
ticipated that best results would be obtained with 
reductants having very stable oxides and ones that 
could be obtained in relatively pure form. 


Pure starting materials necessary 


At the time of this investigation the highest purity 
samarium oxide used was a rare-earth mixture that 
was prepared in previous separation studies. It con- 
tained between 85 and 99 pct Sm.O,. Europium 
oxide was obtained from a commercial supplier and 
contained 99.9 pct Eu.O,. Typical analyses of these 
starting materials are shown in Table I. 

Metallic reductants used in this program were re- 
fined to a high state of purity, since many of the 
impurities in the reductants would transfer to the 
product. This was true of both volatile impurities 
such as calcium and _ non-volatile contami- 
nants which might react to form volatile products. 
Lanthanum and cerium were prepared by reducing 
their fluoride or chloride salts with calcium. After 
reduction, these metals were melted under vacuum 
to volatilize the excess calcium reductant. Table II 
shows the analyses of the cerium and lanthanum 
reductants. 

Aluminum in the form of commercial powder and 
Kroll process zirconium sponge were used as re- 
ductants. These metals were of 99.5 pct or higher 
purity. 

Fig. 1 is a diagram of the apparatus used in the 
majority of reduction tests. Samarium or europium 
oxides were mixed with the metal reductants and 
compressed into pellets. The reductants were freshly 
prepared in as finely divided state as practical, 
either as powder or as fine lathe turnings. The pel- 
letized charge was placed inside a closed-end molyb- 
denum thimble, which in turn was placed inside a 
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Fig. 1—Reduction distillation assembly. 


Table |. Spectrographic Analysis of Europium and Samarium Oxides 


Analysis, Pct 


Rare Earth Oxide Al B Fe Mg Na Pb Si Earths 
Samarium Oxide 99.0 nd F F nd D E E 0.5 
Europium Oxide 99.9 F F nd E nd nd F nd 
Legend: 


D = 0.1 to 1 pet; E = 0.01 to 0.1 pet; F = 0.001 to 0.01 pct; 
nd = none detected. 


Table II. Analysis of Lanthanum and Cerium Reductants 


Analysis, Ppm 


Metal N c Ca 


Lanthanum 270 140 <100 
Cerium 790 850 100-1000 


refractory vacuum retort. Adsorbed gases were re- 
moved from the charge by heating the evacuated 
retort overnight at 200°C. Following this, the tem- 
perature was gradually increased to the operating 
temperature while the pressure was maintained at 
less than 200 ». Pressures at the completion of the 
run were approximately 5 uy. 

The condensed metal appeared as a bright crys- 
talline deposit in the tapered condenser that was 
fitted over the open end of the molybdenum thimble, 
as shown in Fig. 1. 

When cool, the condenser was transferred to an 
inert atmosphere handling chamber for removal of 
the deposit. The small end of the condenser was 
fitted into an expendable tantalum crucible fabri- 
cated from 0.005-in. sheet. By heating the entire as- 
sembly under argon, the deposit was melted from 
the condenser surface and collected in the tantalum 
crucible, which was subsequently peeled from the 
cast metal ingot. These operations were performed 
under stringent atmosphere control to prevent air 
contamination. 


Lanthanum, cerium best as reductants 


Results of a series of tests made in this apparatus 
are shown in Table III, as runs 1, 2, 5, 6 and 7. 

While inconclusive, tests in which aluminum was 
used as a reductant were generally unsatisfactory 
since some aluminum was volatilized at the operat- 
ing temperature of 1050°C. Tests with this apparatus 
in which samarium oxide was reduced with lan- 
thanum or cerium (runs 1 and 2, Table III), demon- 
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Fig. 2—Split graphite resistor furnace assembly. 
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Fig. 3—Larger-scale reduction distillation assembly. 


strated the feasibility of these procedures. The effect 
of time and temperature on metal yields during 
lanthaum reductions of europium oxide can be seen 
by inspection of runs 5, 6 and 7, Table III, which 
show that excellent yields of europium can be 
realized at temperatures as low as 900°C over a 
relatively long period of time. 

Attempts to prepare samarium by zirconium re- 
duction of its oxide in the small-scale retort equip- 
ment were characterized by very low yields. It was 
felt that higher temperatures would prove more 
effective, and for this reason a zirconium reduction 
was performed in the high-temperature apparatus 
shown in Fig. 2. The procedures used in this reduc- 
tion (run 4, Table III), were similar to those pre- 
viously described, except that the entire assembly 
was mounted in a vertical position inside a vacuum 
furnace. Heat for the reaction was supplied by a 
hollow, split graphite resistor mounted inside the 
water-cooled vacuum furnace shell. 

The furnace and reduction equipment were de- 
gassed at 1000°C until a vacuum of less than 1 » 
was obtained. The furnace was then cooled under 
argon gas and the molybdenum thimble containing 
the pelletized charge was introduced, Fig. 2. The 
charge consisted of pellets prepared from 85 pct 
Sm,O, and —35-mesh zirconium sponge. The fur- 
nace temperature was raised to 1450°C over a 2-hr 
period and maintained at this temperature for 1 hr. 
The retort pressure during the reduction varied 
from 6 to 10 uw. The crystalline metal subsequently 
deposited was transferred to an inert atmosphere 
chamber and melted from the condenser in the 
manner described previously. 

Since it was demonstrated that both samarium 
and europium could be prepared by the application 
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Table Ill. Metallic Reductions of Samarium and Europium Oxides 


Excess Max Time at 


Charge Reduct- Opr Max Opr Yield 
Run ant, Temp, Temp, 
No. Compound Pet °c Hr Pet 
1 SmyOs(85 pct) 12.0 1000 1/6 6.0 68 
La 10.0 25 
2 SmyOs(99 pct) 49 1200 1 22.5 75 
Ce 38.9 0 
3 = SmyOs(95 pct) 332 1030 1 192 67.0 
La 355 35 
4 SmyOs(85 pct) 67.3 1450 1 37 81.0 
Zr 49.0 100 
5 EuzO, 41 1050 4 32.1 91 
La 
6 EuyOs 60 900 16 48.3 93.5 
La 72 
7 EuyOs 63 1200 1% 53.9 99.0 
La 63 25 


of Pidgeon process techniques, larger-scale equip- 
ment of a type which could readily be expanded to 
production scale was set up. This equipment is 
shown in Fig.3. The operating procedures used with 
this apparatus were essentially the same as those 
described previously for small-scale retort reduc- 
tions. Data obtained from a lanthanum reduction of 
samarium oxide, using this equipment, are shown 
in run 3, Table III. 


Evaluation of samarium and europium 

Samarium and europium metals prepared during 
this study were evaluated by X-ray emission, opti- 
cal spectroscopy, and by chemical analysis. Spectro- 
graphic analyses were based on very high-purity 
samarium and europium oxide standards procured 
from a commercial supplier. Neither lanthanum nor 
zirconium were detected in the rare-earth metals 
prepared with these reducing agents; however, 
cerium and aluminum tended to carry over into the 
crystalline deposits. The highest purity samarium 
was made in runs 2 and 3, Table III. In general, the 
europium prepared during this investigation was of 
uniformly high quality. Chemical and spectrographic 
analyses of samarium and europium metal (runs 2, 
3 and 7, Table III) are shown in Table IV. 

Melting point determinations were performed on 
samarium from run 2 and europium from run 7. The 
melting points were determined by spot welding a 
Pt-Pt/10 pct Rh thermocouple to the bottom of a 
%4-in. diam x %-in. high tantalum crucible made 
from 0.005 in. sheet and running standard cooling 
curves on the metals under a helium atmosphere. 
Melting of the samples was effected by high- 
frequency induction heating. The agreement be- 
tween heating and cooling arrests precluded tem- 
perature differences greater than +5°C. The melting 


point of the samarium was found to be 1065° +5° 
and of europium 812°C +5°. A transition was ob- 
served by a strong arrest at 924°C during the 
thermal analysis of samarium. These melting points 
are in good agreement with recently published data 
on the melting point of europium* but somewhat 
higher than that reported for samarium metal". 


Conclusions 

It has been demonstrated that high-purity euro- 
pium and samarium metals can be prepared by 
lanthanum and zirconium reduction of the oxides. 
While both cerium and aluminum reduce samarium 
and europium oxides, these reductants exert ap- 
preciable vapor pressure at the operating tempera- 
tures. As a result, they tend to volatilize along with 
the samarium or europium metals. The single run 
made with the larger scale equipment indicates 
that this process could be adapted to commercial 
use. High-purity samarium metal was not obtained 
in this investigation; however, the impurities pres- 
ent were attributed to the use of relatively impure 
samarium oxide. Again, an insufficient number of 
experiments was performed in order to define 
optimum conditions of charge composition, time, 
and temperature which would give higher yields 
during samarium reductions. Excellent yields of 
high-purity europium were obtained with reduction 
temperatures as low as 900°C. In the case of euro- 
pium, this relatively low reduction temperature 
should facilitate expansion of these reduction tech- 
niques to commercial practice. 

It was further shown that samarium metal could 
be prepared in good yield by the zirconium reduc- 
tion of Sm,O,. Since commercial grade zirconium 
sponge is available for approximately $3.50 per lb, 
further study on this type of reduction is warranted 
on the basis of the results reported in this paper. It 
is the author’s belief that higher yields of metal 
could be realized by zirconium reductions of either 
Sm,O, or Eu,O, at temperatures as low as 1100° to 
1200°C; however, further study is needed to con- 
firm this conclusion. In addition, the use of alumi- 
num and cerium as reductants for Eu.O, at tempera- 
tures in the vicinity of 900°C was not investigated, 
although this type of reduction might offer some 
promise of success. 
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Anal. Method Al 


Metal 


Samarium Spectrograph F 

Run 2 Chemical 0.02 

Samarium Spectrograph nd F nd E nd 
Run 3 Chemical 0.071 

Europium Spectrograph F nd E nd 


Run 7 Chemical 0.047 0.06* 


Table IV. Analysis of Samarium and Europium Metal, Pct 


0.012 
2.0 F D nd nd nd 97.9 
0.04 0.053 0.004 
>99 F nd nd F nd 
0.06* 0.004 


Legend: Letters indicate estimates from semi-quantative analyses by optical spectroscopy. 


0.01 to 0.1 pet; F = 0.001 to 0.01 pct; nd 


D 0.1 to 1 pet; E 
0.06 pct. 


* Total combined calcium and magnesium 


= not detected. 
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Direct Reduction: 


The Flash Steel Process 


A new slant on the old problem—this process is dependent upon fluid dy- 


namics in a high-velocity gas column. 
by J. J. Burke 


72-year old independent inventor is making a 

bid for that most elusive of all jackpots: a suc- 
cessful direct reduction process. F. W. DeJahn, for 
many years employed at the Mines Experiment Sta- 
tion at the University of Minnesota, has received a 
patent on what he calls the Flash Steel Process, 
whereby pellets of sintered ore float down through 
a stream of rising gas, producing molten 1 pct C 
steel. 

A general outline of the process is given in the 
simplified flow-sheet below. Pellets from 3% to 5% in. 
in diam and of specified strength and porosity are 
preheated to 1400°F in a rotary kiln and fed into 
the top of the reactor. A reducing gas of approxi- 
mately 70 pet CO and 30 pct H., made by burning 
soft coal in oxygen, is fed into the bottom of the 
reactor. 

The pellets are bouyed up by the gas stream, 
but as they are reduced and finally liquefy, they fall 
to a hearth at the bottom of the reactor. Undersize 
pellets and dust are blown out of the reactor, caught 
in a cyclone, and returned. Lime may be added to 
the molten bath in the reactor or, alternately, self- 
fluxing pellets may be used. The sensible heat in the 
gases leaving the reactor is used in the rotary kiln 
for preheating. Each pellet should remain in the gas 
stream from 25 to 30 min before liquefying and 
dropping into the hearth. Recent experiments have 
indicated that larger aggregates, in the form of bri- 
quettes, perform much better in the reactor. 

These briquettes, manufactured by the Dravo 
Corp. in Pittsburgh, have the advantage of perfectly 
uniform size, shape, and weight. Containing no 
binder, the briquettes are strong, porous, and cost 
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Simplified flow sheet for the Flash Steel Process. 


less than pellets. Tests have shown that they are 
just as reducible as the pellets. 

The molten steel product must be finished in an 
electric or open-hearth furnace. 

Physical properties and dimensions of the pellets 
—their strength, porosity, and size—are critical 
factors. Porosity determines the pellet’s ability to be 
completely reduced while in the reactor . . . size de- 
termines the length of time a pellet will remain in 
the gas stream . . . and strength is necessary so that 
the pellet does not break up before liquefying and 
get blown out of the reactor. Another important 
parameter is the density of pellets in the column. A 
certain amount of gas must pass each pellet while 
it is in the reactor in order to be completely re- 
duced; if there are too many pellets in the column 
at one time, reduction will be incomplete. Briquettes 
show a further advantage in this regard, since only 
100 are required per cu ft, as opposed to 1600 pel- 
lets per cu ft. This cuts down collisions between 
particles. 

Control of these parameters and the fluid dy- 
namics of a large high-velocity gas column are 
certainly Mr. DeJahn’s biggest problem. From the 
thermodynamic and economic points of view, the 
process is very attractive indeed. 

On the basis of a 1300 tpd plant, he estimates that 
installation cost would be $20 to $25 per annual ton 
of steel. Total production cost would be well below 
$50 per ton. 

The process is said to be adaptable to present 
blast furnaces, although considerable alteration 
would be necessary. Mr. DeJahn envisions that a 
2200 tpd blast furnace. while costing $50 million to 
convert into a flash steel furnace, would produce 
7000 tpd using the process. 

He estimates that 0.64 tons O. and 0.62 tons coal 
would be needed per ton of steel produced. Heat 
balances for the kiln and the furnace are given in 
the accompanying table. 

Mr. DeJahn is currently engaged in further 
studies on the process using a model set up at the 
US Bureau of Mines Experiment Station in Pitts- 
burgh as a cooperative project. The Bureau’s inter- 
est is limited to studying the fluid dynamics of the 
system. 


Heat Balance of Fiash Steel Process, Million Btu 


Rotary Kiln Flash Steel Furnace 
In In 
Gas from furnace 2792 Gas 4953 
Out Pellets 823 
Exit gas 575 Reaction 161 
Pellets discharged 823 - 
Heating pellets 914 Total 5937 
Reduction (partial) 80 
Radiation 400 Out 
Fe 1500 
Total 2792 Gas 2792 
Heating to 2511°F 370 
Slag 675 
Radiation 600 


Total 
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UPDRAFT SINTERING 


OF LEAD CONCENTRATES 


A survey of improvements wrought by substituting updraft for downdraft 


sintering of lead concentrates. This technique, developed simultaneously in 
Germany and Australia, is in one case being used to produce sulfurous gases 
for acid production, and in the second to produce sinter for Lurgi’s roast- 


reaction lead-smelting process. 


PDRAFT sintering is not a new concept, for it 
was used in the Huntington & Heberlein sin- 
ter pots developed in 1898. However, when the con- 
tinuous sintering process was developed, it was 
found difficult to work with updraft sintering. 
Therefore, the downdraft process became common 
practice. 

The current updraft-sintering technique was in- 
dependently and simultaneously developed by The 
Broken Hill Associated Smelters in Port Pirie, Aus- 
tralia, and the Lurgi Gesellschaft fiir Chemie und 
Hiittenwesen in Frankfurt/Main, Germany. Com- 
pletely different reasons motivated the two firms to 
investigate updraft sintering. At Port Pirie it was 
the production of gases with a high sulfur dioxide 
content to be used for acid production. Lurgi’s main 
objective was producing sinter from lead concen- 
trates without using large quantities of additives— 
the mix, containing more than 70 pct Pb, results in 
a sinter product that can be treated by the roast- 
reaction process. 

Much developmental work was necessary to per- 
fect the process, but results have shown that this 
technique does offer a number of advantages over 
the downdraft process. 


Ignition, an initial problem 

Initial difficulties arose over the ignition of the 
sinter bed, but it proved possible to overcome this 
by developing a combined downdraft-updraft pro- 
cedure. A layer of sinter mix about 1 in. thick is 
spread onto the sinter-machine grate. This layer, 
called the ignition layer, is ignited by an ignition 
furnace under a downdraft air current. As this layer 
moves along the machine, the main layer of sinter 
mix is fed onto the machine grate; the direction of 
the air stream is then reversed; and the ignition 
layer ignites the main layer with the flame front 
traveling upward through the sinter bed. Gases 
from the sinter bed are gathered in a hood arranged 
above the machine where they are drawn off by a 
fan. 


H. B. WENDEBORN, M. O. PEUCKER, and W. P. MASSION are 
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Fig. 1 shows the influence of bed height on sinter 
capacity with updraft and downdraft sintering, the 
tests in each case being performed under identical 
conditions. While maximum downdraft output is 
obtained with a bed height of about 3 in., output for 
the updraft process increases to a bed height of 6 in., 
and output in the two cases is the same with a bed 
height of 2 to 3 in. This may be explained by the 
fact that, in the case of downdraft sintering, per- 
meability of the sinter bed decreases with increasing 
bed height because of more material sinking onto 
the grates. As can be seen in Fig. 1, higher outputs 
can be obtained with updraft sintering. 

Sintering capacity, as a function of the pressure 
drop in the sinter bed for updraft and downdraft 
sintering, is shown in Fig. 2. With the same pressure 
drop in the sinter bed, higher specific capacities are 
obtained with updraft sintering. With downdraft 
sintering, maximum output is obtained with a wind- 
box suction of about 20 in. wg. A higher suction 
causes compression of the sinter bed, resulting in in- 
creased resistance to air passage, hence no increase 
in output. This maximum downdraft output can be 
achieved by the updraft technique at a pressure 
drop of only 8 in. wg. As a result, power consump- 
tion of the sinter fans is lower with updraft. Taking 
the increased volume of gases and an extra waste- 
gas fan into consideration, power consumption per 
sq m of grate area with updraft sintering is about 
20 pet lower than with downdraft. 

As a further advantage, tests show that with up- 
draft sintering the expected plant wear is consider- 
ably lower than for downdraft sintering. Grate bars, 
for example, are exposed to heat for a short period 
only, ie. during ignition, and during the sinter 
process itself they come into contact only with air. 
The main fan for updraft sintering handles cold air 
free from dust and fumes, whereas with downdraft 
sintering, the fan must handle hot gases containing 
sulfur dioxide and dust. In the updraft case, these 
gases are handled only by fans drawing them from 
the hood. However, these fans work at a pressure of 
a few mm wg only, and, in most cases, they can be 
arranged behind the gas cleaning installation so that 
they, likewise, handle clean gases. The waste gases 
from the updraft sintering are at higher tempera- 
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Fig. 1— Specific 
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as a function of 
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tures than those from downdraft sintering; conden- 
sations in the pipe lines are, thus, eliminated, and 
corrosion is consequently decreased. 


Problem of liquid phase 


Sintering destined for blast-furnace smelting 
generally incorporates all the required fluxes; so, its 
lead content amounts to only 40 to 45 pct. On the 
other hand, the sinter mix used for the roast-re- 
action process contains only small quantities of flux; 
so the lead content is much higher and approaches 
some 70 pct. This high lead content creates difficul- 
ties in downdraft sintering because of the increased 
tendency to form a liquid phase. And the problem 
cannot be solved by lower sintering temperatures, 
since an adequate reaction speed requires tempera- 
tures reaching a value of 1000°C. 

Sintering temperatures are controlled by the sul- 
fur content of the mix, which must have some 6 to 
7 pet S. The resulting formation of SO, is always 
accompanied by the formation of SO,, which in turn 
forms lead sulfate. In the sintering zone, lead sul- 
fide, lead oxide, and lead sulfate are therefore 
present. At the existing temperature and partial 
pressure of sulfur dioxide, these three compounds 
react with each other to form metallic lead. 

Also present are the sulfides and oxides of iron, 
copper, and zinc, as well as silica and lime, and this 
leads to the formation of a number of compounds 
which are in a liquid state at the temperature of the 
sintering process. There is, in fact, a more extensive 
liquid phase in the sintering of lead concentrates 
than in the sintering of other materials. Of all these 
liquid materials, metallic lead itself has the lowest 
fusion point and causes the most difficulty. 

In the case of downdraft sintering, some of the 
molten metallic lead formed drops through the sin- 
ter bed into the lower zones of the feed and even 
into the wind boxes. Shortly after ignition, these 
lead droplets solidify in the still-cold lower zones of 
the bed and block the gas passage. If much lead is 
solidified in this way, the sinter bed may become 
completely impermeable. In general, fusion and 
solidification of certain phases causes a very uneven 
permeability with uncontrollable gas volumes pass- 
ing through the bed. Therefore, it is difficult to ob- 
tain sulfur-dioxide concentrations of more than 3 
to 4 pct in downdraft gases destined for acid plants. 

By applying updraft sintering, many of the dis- 
advantages caused by the presence of liquid phases 


ten 


— SPECIF SINTERING CAP 


Fig. 2— Specific 
sintering capacity 
as a function of 
pressure drop. 


may be avoided. With cold air blown through the 
sinter bed from bottom to top, the metallic lead is 
cooled and solidified on the spot where it is formed. 
Hence, it cannot drop through the bed into the lowe1 
zones or between the grate bars into the wind boxes. 


Gas recirculation 

By means of updraft sintering, an acid-plant gas 
with more than 6 pct SO, can be obtained at a sul- 
fur recovery of 70 to 80 pct. This results from the 
uniform bed permeability and the undiluted gases 
of the updraft technique. The latter is the result of 
gases being taken off the hood at a pressure of —1 
mm wg, whereas gases from downdraft sintering are 
drawn off the wind box at pressures up to —20 in. 
wg, thereby increasing air leakage. 

Gas recirculation has been adopted in a number 
of downdraft zinc sinter plants during recent years. 
By this technique it is possible to channel all gas- 
eous sulfur compounds to the acid plant, and the 
sulfur dioxide content of the acid-plant gas can be 
as high as 7 pet. However, in the case of lead con- 
centrates, it is difficult to recirculate the gas due to 
increased temperatures, uneven permeability and 
the resulting formation of a liquid phase in the sinter 
bed. But updraft sintering of lead concentrates, as 
shown in Fig. 3, can successfully make use of gas 
recirculation. 

With gas recirculation, oxygen is supplied to part 
of the sinter strand by a gas that has already taken 
part in a chemical reaction which consumes part of 
the oxygen. This gas being circulated contains from 
1 to 2 pct SO, and is at a temperature from 200° to 
400°C. As a result of gas recirculation, temperatures 
in the sinter bed are higher and consequently more 
liquid phase is formed. Furthermore, higher gas 
temperatures mean a smaller quantity of oxygen 
per unit of volume. For these reasons it must be 
concluded that gas recirculation reduces the speed 
of the sintering process. 

Fig. 4 shows the specific sinter capacity for differ- 
ent temperatures and compositions of gas blown into 
the wind box of an experimental sinter pan. It 
shows that output decreases with increasing tem- 
perature as well as increasing sulfur dioxide con- 
tent, the latter being the smaller of the two effects. 

At constant temperature decreasing oxygen de- 
creases output, but the introduction of water vapor 
results in an increase in output, because the high 
specific heat of water vapor effects a cooling of the 
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bed and thus decreases the formation of a liquid 
phase. 


Operating results 


Three new updraft lead sintering plants have 
been put into operation. These are at the plants of 
The Broken Hill Associated Smelters in Port Pirie, 
Australia; Stolberger Zink AG, Binsfeldhammer, 
Germany; and a small plant in Yugoslavia. The 
plants at Port Pirie and at Binsfeldhammer produce 
sinter for lead blast furnaces, while the plant in 
Yugoslavia uses the roast-reaction smelting process 
and sinters lead concentrate mixtures with more 
than 70 pct Pb. The sinter is melted in a rotary 
furnace. 

Apart from these machines, some already existing 
downdraft sintering machines have been converted 
to updraft sintering. Operating results from two of 
these plants, one of which is using gas recirculation, 
are shown on Table I. A diagram of the gas recir- 
culation system is given in Fig. 5. 

This table shows no significant differences in the 
outputs obtained at these two plants. There are 
differences in bed height and, correspondingly, in 
sinter time. It is evident that plant number one ob- 
tains a high sulfur-dioxide acid-plant gas while at 
least 25 pct of the sulfur is lost to the exhaust gases. 
Plant number two, equipped with a gas recirculat- 
ing system, recovers all of the gaseous sulfur com- 
pounds in the acid-plant gas. 

Fig. 6 shows sulfur-dioxide concentration and gas 
temperature along the length of sinter machines of 
the Stolberg plant, equipped with a gas recircula- 
tion system, and the Port Pirie plant, which has no 
gas recirculation. This figure shows that in the plant 
equipped with a gas recirculation system, the rise in 
gas temperature starts sooner and maximum tem- 
perature is obtained when there is still more than 
4 pct SO, in the gas. Without gas recirculation, the 
maximum gas temperature is not attained until a 
point at which the gas has less than 1 pct SO,, which 
is practically at the end of the sinter roasting pro- 
cess. It can also be seen that higher temperatures 
are involved in the plant using gas recirculation; 
that temperatures decrease much more slowly; and 
that the sinter cools at a slower rate due to a higher 
amount of solidified molten phase in the sinter bed. 

The plant without gas recirculation uses about %4 
of the length of the sinter strand for the roasting 
process and about %4 for cooling the sinter. The 
plant with gas recirculation has no cooling zone. 
Actually, both the Port Pirie and the Stolberg plants 
have equal sinter capacity. In reality, however, 
Stolberg produces at peak capacity, while Port Pirie 
does not use its production reserves. 

Fig. 7 is a graphical representation of the gas and 
sulfur balance in an updraft sinter plant equipped 
for gas recirculation. About 85 pct of the sulfur 
supplied by the sinter mix is recovered in the acid 
plant, and about 15 pct remains in the sinter in- 
cluding the returns. The gas in the first recirculation 
pass contains about 5 pct of the sulfur supplied by 
the feed, which corresponds to 6 pct of the sulfur 
roasted. The second recirculation pass gas contains 
17 pet of the sulfur in the feed, corresponding to 20 
pet of the sulfur roasted. Had there been no gas re- 
circulation, both the recovery of sulfur and the sul- 
fur-dioxide content of the acid-plant gas would 
have been about 20 pct lower—if the comparison 
was made on the basis of equal volumes of acid- 
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Fig. 3—Diagram of a double-pass gas recirculation system. 
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Table |. Updraft Sintering of Lead Concentrates 
on Converted Plants 


Plant 1 Plant 2 


(With Gas 
Recirculation) 

Grate area, sq m 92 28.5 
Output, tpd per sq m 15.5 15.3 
Sulfur in mix, pct 6.8 6.2 
Sulfur in sinter, pct 1.8 1.5 
Sulfur-dioxide in acid-plant 6-8 5-6 

gas, pct 
Roasted sulfur recovery in 60-75 100 

acid-plant gas, pct 
Specific sulfur roasting ca- 1.3 1.3 

pacity, tpd per sq m 
Bed thickness, in. 8 6 
Sinter time, min 27 16 
Consumption: 

Power, kw-hr per ton sin- 21.0 26.9 

ter 
Oil for ignition hood 2.09 L/t 5.9 kg/t 
Man-hr per ton sinter 0.65 0.64 


plant gas. If only one gas recirculation pass was 
eliminated, about 6 pct of the sulfur would be lost. 


The product 


Sinter produced by updraft sintering has proved 
to be more uniform than that produced by the 
downdraft process. Metallic lead and lead sulfide 
particles accumulate in the lower layers of the 
downdraft sinter cake, whereas in updraft sintering 
such segregations do not appear. Furthermore, in 
updraft sintering it is possible to produce a sinter 
with a higher content of metallic lead; such a sinter 
is more readily melted in the blast furnace. 

This updraft process, for the first time, permits 
production of a low-sulfur sinter when sinter mixes 
with 50 pct Pb and above are treated. In downdraft 
sintering, low-sulfur sinter can be produced only 
when the lead content is less than 45 pct. When the 
lead content is higher, the roasting effect deterio- 
rates, and the sulfur content of the sinter cannot be 
decreased even by increasing sinter fines. 

The physical characteristics of the sinter produced 
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Fig. 5—Diagram of a double-pass gas recirculation system for 
updraft sintering. 


Fig. 6—Concentra- 
tion of SO. and 
gas temperature vs 
machine length for 
(1) Port Pirie, and 
(2) Stolberq. 
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Fig. 7—Gas and sulfur in the gas recirculation system for updraft 
sintering. 


when sintering almost undiluted concentrates can- 
not be compared to blast-furnace sinter. But this 
sinter is used in conjunction with a short rotary 
furnace or an electric furnace, and the strength re- 
quirements for sinter melted in these furnaces is 
not high. Updraft sintering has, in fact, contributed 
to the development of a process which makes it un- 
necessary for high-grade flotation concentrates to 
be diluted by large quantities of fluxes and return 
materials prior to smelting. 


The roast-reaction process 


During the last few years new processes have 
been developed for treating lead concentrates on the 
basis of the roast reaction. For these processes, it is 
necessary to roast concentrates without the addition 


of considerable quantities of diluting fluxes. The 
roasted product is melted so that, by the reaction of 
lead sulfide, lead oxide, and lead sulfate, metallic 
lead is formed. In the roasted product there must, 
tneretore, be a proportionate quantity of sulfur and 
oxygen for the roast reaction. 

One roast-reaction process was developed by 
Bolidens Gruv AB in Sweden. In this process, lead 
concentrate with only a small amount of flux is 
sintered and partially roasted and then melted in an 
electric furnace. The resulting metallic lead contains 
some sulfide, but this is removed by blowing air into 
the converter. 

Another lead smelting process for high-grade lead 
concentrates has been developed by Lurgi. By ap- 
plication of the updraft sintering process it is pos- 
sible to produce a sinter with the proper proportion 
of oxygen and sulfur from sinter mixes with a high 
lead content. Contrary to downdraft sintering, no 
special charge preparation is necessary. The sinter 
is melted in a short rotary furnace producing sulfur- 
free lead. 


The Yugoslav plant . . . an example 


As already mentioned, a plant operating on the 
Lurgi roast-reaction process has recently been in- 
stalled in Yugoslavia. This plant was started up only 
a few months ago; so, it is not yet possible to report 
details on the operating practice. 

Experiments made prior to the construction of the 
plant have shown that, when treating high-grade 
lead concentrates, an immediate lead recovery of 
more than 85 pct can be achieved. A lead concen- 
trate with about 75 pct Pb and 8 pct Zn and a cerus- 
site concentrate with about 55 pct Pb and 8 pct Zn 
were mixed at a ratio of 4:1. Also, 10 pct flue dust 
was added. A sinter was produced containing about 
80 pct Pb, 3 pct S, 3 pet CaO, and 0.1 pct SiO.. 

When melting this sinter, 85 pct of the lead con- 
tent of the sinter could be recovered in the form of 
metallic lead. About 10 pct of the lead content of 
the sinter was collected as dust and fume in a bag 
filter, and 1.5 to 2 pct was found in the slag. The 
lead content of the slag, amounting to 5 to 10 pct, 
was relatively high, but since the slag quantity was 
low, the lead losses in the slag were not higher than 
those in the blast-furnace slag. 


Summary 

The updraft sintering process, compared to the 
downdraft process, offers many advantages, such as 
higher output, lower power consumption, and less 
wear on equipment. In addition, higher sulfur-di- 
oxide content of the acid-plant gas with higher 
recovery of the roasted sulfur can be attained. By 
combining gas recirculation with updraft sintering, 
practically all of the roasted sulfur can be recovered 
in the acid-plant gas. 

The sinter produced by the updraft method is 
more homogeneous, since no metallic lead is de- 
posited in the lower layers of the sinter bed. Up- 
draft sintering includes the possibility of producing 
sinter with a high lead content, thus aiding the 
smelting of the sinter in the blast furnace. 

The special importance of this process lies in the 
fact that it permits the sintering of mixes contain- 
ing 70 pct Pb and above. Such high-lead mixes must 
be sintered in order to smelt lead in a short rotary 
furnace according to a recently developed Lurgi 
process which operates on the roast reaction. 
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SINTER PERFORMANCE CHARACTERISTICS: 


A Laboratory Evaluation 


At Inland Steel Co. a laboratory apparatus has been designed to test the 
performance characteristics of sinter under conditions similar to those pre- 
vailing in the blast furnace. The equipment and the results of tests per- 


formed are described. 


N evaluating the qualities of Inland Steel Co.’s 
iron-ore sinters it became apparent that the only 
reliable measure of sinter quality would be the per- 
formance characteristics of the sinters under con- 
ditions similar to those prevailing in the conven- 
tional blast furnace. This problem was also faced 
in the past by other investigators, but no reliable 
test was ever successfully developed for this pur- 
pose. 

It appears that in order to simulate the conditions 
within the blast furnace, three essential factors 
must be present: 


a) high temperature (plus 2000°F), 

b) reducing atmosphere and availability of car- 
bon, and 

c) pressure on the material. 


At the outset, it appeared that these conditions 
might possibly be attained on the laboratory scale 
in an apparatus especially designed for this purpose. 
Since several initial tests carried out in a make- 
shift apparatus produced encouraging results, it was 
decided to design and build a blast column for the 
qualitative evaluation of the individual sinters 
produced in an experimental study. 


The Blast Column 


The blast column apparatus which was subse- 
quently built is shown schematically in Fig. 1. 

The apparatus consists essentially of two main 
parts: a) the blast column, and b) the blast pre- 
heater. 

The blast column is 55 in. high and has an inside 
diameter of 2-34 in. It is mounted on a supporting 
base made of steel. The outer shell of the column 
consists of two separate sections which were built 
of 6-in. diam steel pipe. A cooling jacket, consisting 
of several coils of copper tubing, covers the entire 
length of the shell and flanges connecting the two 
sections are provided with an asbestos gasket to in- 
sure a gas-tight seal. The preheated air is introduced 
through a tuyere system at the base of the column. 

As can be seen in Fig. la, the top of the column is 
provided with a brass bushing and an exhaust pipe, 
which is directed sidewards. The brass bushing is 
equipped with a 2-% in. hole, through which a ver- 
tical pressure rod is inserted. The lower end of this 
rod rests on top of the burden column, while the 
upper end is connected to an air vibrator. 


ARTHUR M. SCHWARZ and MICHAEL O. HOLOWATY are 
with the Inland Steel Co., East Chicago, Ind. This paper was pre- 
sented at the 1959 AIME Blast Furnace, Coke Oven, and Raw 
Materials Conference in St. Louis. 


752—JOURNAL OF METALS, NOVEMBER 1959 


ind 


by Arthur M. Schwarz and Michael O. Holowaty 


The interior of the column is lined with semi- 
tubular liners which were prepared from high- 
alumina castable refractory. The liners were made 
of two half-round sections held together by a heat- 
resistant cement. The individual liner sections were 
cast in molds designed especially for this purpose. 
Separate liners wrapped in asbestos sheeting are 
provided for each column section to permit their 
easy removal when the column is dismantled. The 
liner in the lower section rests on a perforated steel 
plate placed on stationary supports. 

The air is heated in a preheating apparatus con- 
sisting of a 4-% in. diam stainless steel pipe and 
two gas ribbon burners. The interior of the pre- 
heater is equipped with five baffle plates to improve 
heat transfer. 


Development of testing procedure 


Preliminary test runs were made with acid sinter 
to determine the optimum conditions under which 
the column should be operated. Blast volume data 
from actual blast furnace operation were used in 
determining the approximate range of air volumes 
to be used in the operation of the column. On the 
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Fig. 1—Schematic diagram of high-temperature blast column. 
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Fig. 2—Sectional view of blast 
column completely plugged with 
slag-coke agglomerate—simu- 
lating a hanging furnace. 
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Fig. 3a—Graphical presentation of slag layer thicknesses produced 
with various sinters. Circles represent coke and cross-hatching the 
slag layer; A, acid sinter; B, self-fluxing limey sinter; C, self-fluxing 
dolomitic sinter; D, mixture of acid sinter and burnt lime. 


basis of the calculation, air volume of approximately 
10 cfm was considered adequate for the preliminary 
trials. 

The burden was made up of coke and sinter hav- 
ing a total weight of 4 lb. The ratio of carbon to iron 
in the burden was kept at the standard level of 
1:1.9. This would correspond to a coke rate of ap- 
proximately 980 lb of carbon per ton of hot metal. 
This was calculated to be entirely satisfactory for 
maintaining conditions similar to those encountered 
above the tuyere zone of a blast furnace. 

Sinter of —%4 in. +10 mesh size and coke of —% 
+%¥% in. size were used in the preparation of the 
burden. The starting layer was prepared with a 
standard amount of 100 g coke, which was ignited 
with two burning charcoal briquettes. A thermo- 
couple encased in a protective porcelain tube was 
inserted along the inside wall of the column for 
measuring the temperature of the fusion zone at the 
bottom of the column. The distance of the thermo- 
couple from the grate was maintained standard 
in all tests of the series. Other thermocouples were 
used to measure the temperatures of the inlet air 
and outlet gases. The readings were made every 
30 sec. 

The burden was charged when the thermocouple 
indicated a temperature of 500°F in the coke layer. 
Then the top of the column was covered with the 
brass bushing and the vertical pressure rod equip- 
ped with a pneumatic vibrator was inserted. The in- 
take of this vibrator was immediately connected to 
a compressed air line provided with a pressure 
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Fig. 3—Appearance of blast column burden after nitrogen quench 
(3 in. 1D unit). 
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Fig. 4—Time-temperature relationships of various sinters in the 
blast column: 1, self-fluxing dolomitic sinter; 2, self-fluxing limey 
sinter; 3, mixture of acid sinter and burnt lime; 4, acid sinter. 


regulating valve. By regulating the pressure of the 
compressed air, the vibration of the pressure rod 
could be closely controlled. After several prelim- 
inary tests, it was found that the desired conditions 
could be obtained at an air pressure of 40 psig, 
which corresponds to a vibration frequency of 
2500 to 2700 per min. Since this vibration was 
transmitted to the pressure rod, a continuous move- 
ment of the burden material to the lower section of 
the column was maintained. This approach repre- 
sents an attempt to simulate the conditions en- 
countered in the conventional blast furnace. 

After numerous trials, it was decided to establish 
the standard duration of the test at 50 min. When a 
test was completed, the air flow was stopped and 
the column quenched with pure nitrogen. ! Upon 
sufficient cooling (approximately 6 hr), the column 
was dismantled. The split column technique per- 
mitted an easy separation of the half-round liners, 
and thus the burden layers could be preserved in 
their original positions. In the normal test procedure 
the column was gently removed from the surround- 
ing steel jacket and laid out horizontally on the 
table. The upper half was lifted and the loose mate- 
rial gradually removed, while the sections of slag 
and agglomerate were left in their original form. 

In several of the trial runs with acid sinter a 
gradual pressure build-up was experienced. Since 
the pressure gage on the air inlet gave a reading of 
30 psi, the flow of the air had to be stopped after 30 
min, and the column quenched. When the column 
was dismantled, a layer of coke particles, saturated 
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and bonded with slag, was observed in the center 
of the upper section of the column, completely plug- 
ging up the column. A photograph of the imperme- 
able material is shown in Fig. 2. In subsequent 
testing runs the column operated smoothly without 
pressure build-ups when the air rate was reduced 
to 6 cfm. 


Blast-Column tests 


After establishing the standard procedure for 
carrying out the tests, a series of test runs was de- 
signed for testing the following materials: 


1) Conventional sinter, 

2) Self-fluxing limey sinter, 

3) Self-fluxing dolomitic sinter, and 

4) Regular sinter to which a calculated (self- 
fluxing) amount of burnt lime was added. 


The conditions for all these tests were kept uniform, 
and each step of the column’s operation was timed 
with a stop watch. Upon completion of the first 
series of tests, duplicate tests were made under 
identical conditions to check the results of the 
original tests. 

Important findings of the completed tests can be 
summarized as follows: 


1. a) Acid, base-free sinters are characterized by 
a relatively low temperature of the melting 
phase (~ 2400°F) and the formation of a 
relatively large amount of slag within a 
standard period of time; 

b) Self-fluxing sinters, both limey and dolo- 
mitic, show a relatively high temperature in 
the liquid phase formation (plus 3000°F) 
and an extremely small volume of slag; 

2. The basic sinters displayed a uniform tend- 
ency to form sponge-like, highly-permeable 
agglomerates, in contrast to base-free sin- 
ters. The latter tended to form two separate 
phases—solid and liquid—and little or no 
fused agglomerates. 

3. The results of the tests made with a mix- 
ture of acid sinter and flux (burnt lime) 
showed that there is no formation of a 
lime-sinter eutectic within the tempera- 
ture ranges investigated (maximum 
2450°F). This indicates that the slagging of 
lime in the blast furnace takes place in the 
immediate proximity of the tuyere zone. 


Fig. 3 shows the actual fusion products and burden 
materials as found in the column after it was dis- 
mantled. The schematic diagram of Fig. 3a shows 
the relative slag layer thicknesses produced with 
the individual sinters. It can be seen that the thick- 
ness of the slag layer produced with self-fluxing 
sinter was approximately one-third of that pro- 
duced with a regular acid sinter. 

The curves of Fig. 4 show the time-temperature 
relationships of the individual sinters during the 
test. These curves indicate that, although the dolo- 
mitic sinter had the highest fusion temperature, it 
reached that temperature in the shortest time inter- 
val. The fusion time intervals of both the acid sin- 
ter and a mixture of acid sinter and lime were much 
longer than those of the self-fluxing sinters (Fig. 4). 


Significance of tests 


The results of these experiments are significant 
in that they demonstrate the differences between 
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the behavior characteristics of the individual sin- 
ters. The high-temperature blast-column tests made 
possible an empirical measurement of these 
characteristics. While the test conditions were kept 
identical for the various sinters tested, the differ- 
ences observed in their performance were pro- 
nounced. 

The finding that acid sinters fused at 2400°F in- 
dicated that, in a normal blast furnace operation, 
such sinter might fuse high up in the furnace. The 
time-temperature curves indicate that the melting 
range of acid sinter is wider than that of the basic 
sinters. Therefore, the descent of an acid sinter 
burden in the shaft of a blast furnace might be 
connected with difficulties. This is due to the forma- 
tion of a wide slag zone, which could lead to trouble- 
some furnace operations caused by a tightening or 
even a solidification of the stock column. The symp- 
toms of such a condition would be build-ups in the 
shaft, increase of blast pressure, kicking, and a gen- 
eral inability of the furnace to take the wind. 

The practical value of these tests is that they 
shed light on some of the experiences of the blast 
furnace operators. For instance, it was reported in 
the literature that practices with high-acid sinter 
burdens resulted in difficult furnace operations. In 
describing the experiences with 100 pct sinter bur- 
dens (acid) at the U.S. Steel Corp. works in Gary, 
Ind., R. W. Sundquist’ states that a blast of higher 
temperature and lower volume was required for 
removal of the build-ups which took place 16 to 30 
ft above the mantle. Similar experiences were en- 
countered by other investigators.’ 

The experimental data obtained in the blast- 
column tests on self-fluxing sinter indicate that the 
behavior pattern of the self-fluxing sinters is en- 
tirely different from that experienced with acid 
sinters. The finding that the self-fluxing sinters 
appear to have slagging ranges above 3000°F might 
have a practical application, since it indicates that 
these sinters will form a liquid phase at high tem- 
peratures prevailing in the zone just above the 
tuyeres. Thus, such a burden would have a good 
high-temperature stability and the operational 
troubles encountered with acid sinters could be 
avoided. 

The favorable laboratory results obtained with 
self-fluxing sinters find confirmation from some 
iron producers who reported high blast volumes, 
high temperatures, and increased productivity when 
using such burdens.’ 


Conclusions 


The high temperature blast column appears to be 
valuable for predicting the performance character- 
istics of various types of sinter in the blast furnace. 
It should be pointed out that, based on the natural 
limitations of the present equipment and procedure, 
the results appear to be entirely satisfactory for 
qualitative evaluation of the individual sinters. The 
unit was not expected to produce quantitative re- 
sults, since it was realized that an absolute correla- 
tion with the blast furnace conditions would not be 
possible. There remain several problems to be in- 
vestigated. The findings of the additional study will 
be reported as soon as the results are available. 
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BLAST-FURNACE PRACTICE 
WITH SELF-FLUXING SINTER BURDEN 


One and a half years experience with 100-pct self-fluxing sinter burden 


practice at the Kokura steel works in Japan has shown remarkable savings 


NLY 60 years has passed since the establish- 
ment of the Japanese iron and steel industry. 
And during that time its expansion has paralleled 
the development of the civilian economy and the 
military program. 

After World War II, the Japanese iron and steel 
industry first renewed its equipment and then pro- 
ceeded on an expansion program designed to in- 
crease crude steel capacity to 22 million net tons 
by 1962. 

A major disadvantage faced by the Japanese iron 
and steel industry is the need to import the greater 
part of its raw materials. In 1957 ore imports 
amounted to more than 10 million tons. These im- 
ports originated in many countries and included 
many types of ores. Furthermore, about 45 pct of the 
coking coal consumed by the Japanese iron and steel 
industry is imported, largely from the US. For. this 
reason the reduction of coke consumption in blast- 
furnace practice is of utmost importance. 


Sinter: lime to self-fluxing 


In recent years the use of sinter burdens has been 
increasingly emphasized in order to reduce coke 
requirements and make use of domestic iron-bear- 
ing materials. 

Since 1955, the Kokura steel works of Sumitomo 
Metal Industries Ltd., Japan, has been producing 
lime sinter with 5 pct limestone added to the sinter 
mix. This lime sinter comprised from 50 to 60 pct 
of the plant’s blast-furnace burden. 

A fundamental aim of the addition of limestone to 
the sinter mix is to minimize the formation of the 
unreducible fayalite (2FeO-SiO,). Furthermore, in 
order to make use of Japanese iron sand containing 
about 8 pct titanium dioxide, the addition of lime- 
stone is necessary in order to prevent the formation 
of unreducible ilmenite (FeO-TiO.). By adding fine 
limestone to the sinter mix it is possible to prevent 
the formation of these unreducible compounds as 
well as the silicate matrix which coats the iron 
oxide particles. 


Y. DOI and K. KASAI are with the Kokura steel works of Sumi- 
tomo Metal Industries Ltd. in Japan. This paper was presented at 
the 1959 AIME Blast Furnace, Coke Oven, and Raw Materials Con- 
ference in St. Louis. 


in coke consumption. This article gives details of this operation. 


A Summary of the Paper by Y. Doi and K. Kasai 


Continuing along this line of development, a self- 
fluxing sintering practice was developed by 1957. 
And since March 1958, self-fluxing sinter has been 
produced at the plant. 

During May 1958, No. 1 blast furnace was oper- 
ated with 100-pct sinter burden. As a result, coke 
consumption decreased remarkably, and the blast 
temperature could be elevated while still keeping 
furnace conditions stable. These results were con- 
sidered satisfactory, and the practice has been con- 
tinued. Using coke with a 12 pct ash content, the 
monthly coke rate has been between 1086 and 1160 
lb per net ton of pig iron. 

During November 1958, the No. 2 blast furnace at 
Yawata Iron works was operated in the same man- 
ner, and the results were as good as those at the 
Kokura plant. 

At Kokura the self-fluxing sinter is compara- 
tively rich in iron (56 pct Fe). The iron-source raw 
materials consist of 62 pct domestic material—pyrite 
cinder, iron sand, and mill scale—and 38 pct im- 
ported fine ores. 

The sintering machine is a Dwight-Lloyd type, 59 
in. wide and 82 ft long. It has a nominal daily capac- 
ity of 900 metric tons. 

The blast furnace has a working volume of 16,532 
cu ft and a hearth diameter of 18.4 ft; it has 12 
tuyeres. The charging equipment consists of an auto- 
matically controlled skip and a McKee double-bell. 
The body mantle of the furnace is clad with steel 
plate. The hearth and bottom are carbon lined, and 
the stack is ceramic lined. 


Sintering Practice 

Sintering was performed under stable conditions, 
and the average daily output for the trial month of 
May 1958 was 975 metric tons as compared to the 
nominal sinter-strand capacity of 900 metric tons. 
Sintering plant operational data are shown in Table 
I; raw material data in Table II; and the quality 
of the sinter in Table III. 

The proportion of domestic iron sand in the mix 
was restricted to 7 pct, because this sand contains 
some 8 pct titanium dioxide which causes difficulties 
in blast-furnace operation. But under these mixing 
conditions, and when the blast-furnace slag basicity 
was reduced to 1.16, little trouble was encountered. 

In the mix, magnetite was maintained at 40 pct 


NOVEMBER 1959, JOURNAL OF METALS—755 


7) ace 
7 
; 
4 
; 
a 
4 
= 


and hematite at 60 pct. While this was not the best stone and 88 to 90 pct with 15 pct limestone. 


possible mix, it was, nevertheless, possible to obtain The percentage of particles in the sinter below 
a satisfactory degree of oxidation (95.1 pct) and an 0.39 in. was 14.8 immediately after sintering, but it 
adequate sinter strength (shatter index over 60). increased to 27 pct when charged into the blast fur- 
These results were obtained through: a) grain size nace. 

distribution in which the —100 mesh material was Although chemical analyses give an accurate rec- 


kept below 20 pct, b) an optimum addition of fuel ord of the quantity and state of oxidation of iron 
to the mix which was 3.6 pct on a wet basis, and c) and other elements in the sinter, they provide in- 


fine crushing the coke to —0.2 in. sufficient information on the state in which the 
The desulfurization rate in the sintering process elements are combined. 

was good, for sulfur in the mix at 0.57 pct was re- Microscopic and microradiographic examination 

duced to 0.064 in the sinter. But the desulfurization of sinter give considerably more information on the 

rate was shown to decrease with increasing lime- structure. Microscopic photographs and X-ray dif- 


stone content, being 94 to 96 pct with 5 pct lime- fraction photographs of self-fluxing sinter were 


Table II. Kokura Sinter-Plant Raw Materials, May 1958 


Grain-Size Distribution Mix, Pct 


0.394- 0.197- 0.118- 0.039 in.- 50- 100- 150- 
+ 0.394 in. 0.197 in. 0.118 in. 0.039 in. 50 mesh 100 mesh 150 mesh 200 mesh — 200 mesh Mean 


24.4 10.9 8.0 6.4 0.4 13.5 0.134 in. 


5.6 Pct 18.7 12.1 


Chemical Analysis of Raw Materials, Pct 


TiO, 


sio, Al,Os cao Mn 


fo) 
= 
6 


Material Total Fe Fe 


Pyrite cinder 57.45 5.10 76.45 8.22 1.94 1.08 0.58 0.36 1.170 0.031 0.190 

Larap ore (sinter feed) 56.59 19.96 58.58 8.53 2.12 1.16 0.18 0.93 4.300 0.134 0.100 

Larap ore (primary) . 17.50 63.96 8.i1 2.63 1.89 0.19 1.09 1.030 0.126 0.080 

Dungun ore (sinter feed) . 4.28 81.09 7.60 2.70 0.43 0.26 0.27 0.147 0.059 0.010 
Manganese ore 27.70 10.08 5.81 23.32 0.015 0.163 0.030 

Mill scale 70.92 50.59 45.16 1.22 0.46 0.40 0.34 0.18 0.137 0.027 0.127 

Iron sand 59.06 26.50 55.01 3.76 2.48 0.81 0.46 1.66 0.174 0.022 0.020 7.08 
Limestone (fine) 53.69 CaCOs 0.52 MgCoOs; 

95.79 09 


Chemical Analysis of Mix, Pct 


Cu SiO, cao 


0.108 


5.85 8.67 


Blending Ratio of Materials In Dry Mix, Pct 


Larap Ore Larap Ore Dungun Ore Mn Ore Mill Scale Iron Sand Limestone 


Pyrite Cinder 
(Sinter Feed) Primary (Sinter Feed) (Fine) 


8.7 6.6 15.7 1.6 15.2 


Blending Ratio of Materials In Wet Mix, Pct 


Moisture 


Coke Breeze 


Return Fine 


36.8 3.6 10.1 


Table III. Sinter Produced at Kokura Works, May 1958 


Chemical Analysis, Pct 


Degree of 
Fe FeO Mn Cu TiO, cao SiO, CaO/SiO, Oxidation 


0.72 0.118 0.96 9.79 1.23 95.1 


Size Distribution After Sintering Machine, Pct 


J 0.98- 0.59- 0.39- Shatter 
+ 3.94 in. 3.94 In. 2.96 in. 1.97 in. 0.98 in. 0.59 in. 0.39 in. Mean Size Strength 


18.7 12.9 1.81 in. 62.0 


15.5 


Size Distribution After Ore Bin, Before Charging, Pct 


+ 1.97 in. 1.38-1.97 in. 0.79-1.38 in. 0.39-0.79 in. — 0.39 in. Mean Size 


9 pet 10 20 34 27 0.91 in. 
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compared to photographs of known components. As 
a result, the existence of 3CaO-SiO., 2CaO-Fe.O,, 
CaO-Fe.O,, and CaO-FeO-SiO, in the matrix was 
confirmed. As expected, no fayalite was found in 
this preliminary survey. This fact in itself is an in- 
dication of good reducibility of self-fluxing sinter. 

Table IV shows the initial strength and the transi- 
tion of the strength of magnetite and hematite ores 
and self-fluxing sinter and its components during 
the course of reduction. 

Experiments have shown that the shatter-test 
strength of sinter decreases with increasing lime- 
stone content. It is considered that this decrease of 
strength is influenced by the existence of calcium 
ferrite. However, Table IV shows that, while the 
initial strength of calcium ferrite is low, its strength 
increases during the course of reduction. It shows 
the highest value among other iron oxides 180 min 
after the beginning of the reducing test. This is the 
reason why self-fluxing sinter that contains calcium 
ferrite as its main component retains considerable 
strength in the reduction process and also has good 
reducibility. It seems reasonable to assume that the 
addition of lime to the sinter mix improves the re- 
sistance of sinter to disintegration during reduc- 
tion, and that this increased mechanical strength is 
one of the factors responsible for increased produc- 
tivity and stability of blast furnace operation. 


Blast-furnace practice 


Since May 1958, Kokura steel works has been 
operating No. 1 blast furnace continuously with 100- 
pet self-fluxing sinter burden. The results of this 
practice have been satisfactory, and the production 
cost of pig iron has been remarkably reduced. Table 
V and Fig. 1 give the operating data for May 1958. 

During the whole month no hanging or slipping 
occurred, and the performance of the furnace im- 
proved considerably, manifested by lower blast pres- 
sure, higher blast temperature, lower coke con- 
sumption, and increased production. 

Full use could not be made of the increased pro- 
duction capabilities of the blast furnace because of 
restricted sintering plant capacity. Furthermore, the 
wind volume was restricted to 87 cu ft per min per 
sq ft of hearth area, which is about 70 pct of the 
normal quantity. 

Under these conditions daily furnace output was 
612 net tons at a coke rate of 1096 lb per ton. The 
average quantity of coke burned was 335 tpd, while 
the normal quantity of coke burned for this size 
blast furnace is calculated to be 480 tpd. Assuming 
the coke burn-up rate to be the limiting factor, then 
adequate blowing capacity and sufficient quantities 
of self-fluxing sinter should give a daily furnace 


Table |. Kokura Sintering-Plant Data for May 1958 


Type of plant 


Dwight-Lloyd 


No. of pallets 68 
Width and length of machine, ft 4.92 x 82 
Fan capacity, cfm at 392°F 52,970 x 2 
Fan vacuum, in. wg 43 
Nominal daily capacity, metric tons 900 
Bed depth, in 118 
Pallet speed, fpm 6.6 
Avg daily output, metric tons 975 
Production rate, metric ton per sq ft per hr 0.11 
Coke breeze, lb per metric ton of sinter produced 149.6 
Igniting heavy oil, lb per metric ton of sinter 4.93 
Igniting blast furnace gas, cu ft per metric ton of 

sinter 1,112 
Desulfurization rate, pct 88.5 


capacity of 875 net tons of pig iron. Under these con- 
ditions, the iron producing rate would be expected 
to be 3.3 net tons per day per sq ft of hearth area, 
and 0.053 net tons per day per cu ft of working vol- 
ume with a coke rate of 1100 lb per net ton. 

One of the distinguishing characteristics of self- 
fluxing sinter practice is the remarkable decrease 
in coke rate achieved by increasing the percentage 
of sinter in the burden. This is especially striking at 
100 pct sinter burden, as is shown in Fig. 2. 

The high porosity and good reducibility of self- 
fluxing sinter facilitates the gaseous reduction of 
burden in the blast furnace. As a result, the volume 
of reducing gas consumed per ton of hot metal de- 
creases considerably. Moreover, in sinter self-fluxed 


Table IV. Strength of Iron Oxides During the Course of Reduction 
Time of reduction, min 0 30 180 


The strength index of 


Type of iron oxide microstrength test 


CaO-Fe:Os 24.0 86.0 90.5 
2CaO-FevOs 2.5 57.5 50.0 
2FeO 65.5 N.D. N.D. 

Self-fluxing sinter 81.5 84.5 89.0 
Dungun ‘hematite ore) 68.5 27.5 62.5 
Wabska (magnetite ore) 79.0 N.D 58.0 


Note: Reducing test with CO at 1,832°F. 
Strength test is by the microstrength method. 
(H. E. Blayer’s method.) 


Table V. Operation Data, Kokura Iron Works No. | Blast Furnace, 


May 1958 
Working vol, cu ft 16,600 
No. of tuyeres 12 
Total area of tuyeres, sq in. 298 
No. of hot stoves per furnace 2 
Heating surface of one hot stove, sq ft 139,900 
Coke Avg ash content, pct 12.03 
Avg moisture content, pct + 
C content (in dry base), pct 86.48 
Mean size, in 1.89 
Coke rate, lb per net ton (incl 
12.03 pet ash) in dry base 1,096 
Sinter Mean size, in. 0.91 
Pct of under 0.394 in size 
Pct of above 1.969 in size i) 
Sinter consumed, Ib per net 
ton 3,282 
Wind Blast pressure, psi 8.676 
Wind vol, cu ft per net ton 49, 
Hot blast temp, °F 1537 
Iron Analysis, pct: 
c 4.380 
Si 0.670 
Mn 1.170 
P 0.175 
Ss 0.033 
Daily output, metric tons 555 


Slag Analysis, pet: 
34.9 
AlpOs 14.20 
0. 
CaO 40.75 
CaO/Si0:z 1.16 
Slag volume (calc.), lb per net ton 878 
Gas Analysis, pet: 
CO: 17.2 
co 22.8 
He 1.2 
No 58.8 
Temp (approx), °F 450 
Gas vol icalc.), cu ft per net ton 63,838 
Flue dust, lb per net ton 36.0 
O.H. slag, lb per net ton 199 
Other burden Mn ore, lb per net ton 25 
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by the addition of finely ground limestone, the for- 
mation of unreducible fayalite is minimized, and 
there is no glass silicate matrix to surround the iron~ 
oxide and prevent gaseous reduction. 

It is evident from Table VI that self-fluxing sin- 
ter has a very high indirect reducibility. The per- 
centage of carbon dioxide in the top gas when 
charging a 50 pct ordinary sinter burden and a 100 
pet raw ore burden includes carbon dioxide from 
the limestone. Most of the carbon dioxide from the 
limestone passes unaffected up the shaft, although 
some of it reacts with solid carbon in the coke. If 
these conditions are taken into consideration, the 
indirect reducibility of self-fluxing sinter will show 
a higher value than that of Table VI. 


Higher blast temperatures 


The utilization of higher blast temperatures is an 
effective method of achieving a lower coke rate. 
Temperatures between 1450° and 1650°F are con- 
sidered to be high blast temperatures; they are 
made possible by: 

1) uniform gas distribution over the cross section 
of the shaft and good permeability of burden; 

2) stable furnace conditions without hanging or 
slipping; 

3) surplus of hot stove capacity; 

4) high thermal efficiency of the hot stove (above 
85 pet); and 

5) good heat resistance of the wind-system 
equipment. 

These conditions are almost satisfied at the 
Kokura steel works. No difficulty was encountered 
during this furnace operation in using wind of as 
high a temperature in the main ring as 1540°F. At 
present, the blast temperature can be elevated to 
1630°F because of the ceramic-coated blow pipes. 

In the furnace practice with 50 pct sinter burden 
or 100 pet ore burden, blast temperatures above 
1380°F cannot be used because of hanging and slip- 
ping caused by the non-uniform gas distribution 
and bad permeability of the burden. Thermal cal- 
culations show that the increase of 160°F in the 
blast temperature should result in a saving of 42 lb 
of coke per net ton of pig iron. 


Other coke-saving factors 


An important factor in the reduction of blast- 
furnace coke requirements for treating self-fluxing 
sinter lies in the lack of fuel required to drive off 
volatiles or humidity. In self-fluxing practice, all 
of the limestone added to the mix is ground to 
—0.2 in., and it is transformed to the stable CaO by 
the combustion heat of cheaper coke breeze. 


Table VI. Top Gas Volume and Analysis in Different Burden 


Top Gas 
Top Gas Analysis, Pct Vol, Cu 
Ft Per 
Burden Condition co co, cos/co, Net Ton 


17 64,000 


23 


100 Pct Self-Fluxing Sinter 


50 Pct Ordinary Sinter 
35 Pct Hematite Raw Ore 25 15 1.67 77,000 
15 Pct Magnetite Raw Ore 


15 Pct Magnetite Raw Ore 
85 Pct Hematite Raw Ore 26 14 1.86 87,000 


Notes: The ordinary sinter contains 5 pct limestone in its raw sin- 
ter material. 
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The increase in coke-breeze consumption result- 
ing from the addition of 15 pct limestone to the 
sinter mix is only 10 lb per net ton of sinter pro- 
duced, equivalent to 16.5 lb per net ton of pig iron. 
On the other hand, about 500 lb of furnace lime- 
stone per net ton of pig iron is required with the 
ordinary burden. The heat required for the dis- 
sociation of this limestone, plus the heat lost by 
way of the resulting carbon dioxide being carried 
out of the furnace, represents some 61 lb of coke 
per net ton of iron produced. 

Of the factors that affect coke consumption, there 
is one that does not directly appear in the heat 
balance but, nevertheless, is very important for 
fuel economy—the gas distribution over the cross 
section of the shaft. The uniform gas velocity and 
volume over the cross section leads to the uniform 
indirect reduction in a furnace; it is the most im- 
portant condition for the efficient utilization of the 
reducing power of the gas. 

The gas distribution is favorably influenced by 
changing from crude ore burden to sinter burden, 
since sinter layers are more evenly distributed over 
the shaft area than are ore layers. 
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Fig. 1—Operating data for No. | blast furnace for part of May 
1958. 
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Fig. 3 shows the carbon dioxide distribution 
curves for various burdens, and Fig. 4 shows the 
gas-temperature distribution curves. The samples 
were taken with a German-type gas sampler in- 
serted 20 ft below the top of the furnace. The solid 
line shows the uniform gas distribution and reduc- 
tion expected with 100 pct self-fluxing sinter bur- 
den. 


Conclusions 


Self-fluxing sinter practice has been used for 
over one year at Kokura steel works. During this 
period, a blast furnace has been operated success- 
fully and efficiently on a burden of 100 pct self- 
fluxing sinter. The sintering-plant capacity can 
cover only one furnace operation. The calculation 
of profit and loss for blast furnace practice proved 
that it is more economical to operate one furnace 
in this manner than to operate two furnaces with 
equally divided sinter burden. 

The success of the self-fluxing sintering practice 
has been such that additional sintering capacity 
will be constructed when adequate quantities of 
magnetite concentrates or pyrite cinder can be as- 
sured. 

The following information was derived from this 
practice: 

1) For making self-fluxing sinter, the exact con- 
trol of blending and weighing, especially the correct 
addition of return fines, coke breeze, and limestone, 
is most important. 

2) The suitable size of coke breeze as sinter fuel 
is —1/5 in. and of limestone is —1/8 in. 

3) The percentage of —100 mesh fines in sinter 
mix must be kept below or at 20 pct. 

4) The degree of oxidation of sinter is the most 
important factor that influences its reducibility. 
The sinter that has a high degree of oxidation is 
highly reducible. 

5) The increase of coke-breeze consumption 
caused by adding limestone to the sinter mix is 15 
pet, that is, 10 lb per net ton of sinter produced. 

6) As a blast furnace burden, the self-fluxing 
sinter proves most effective when a furnace is oper- 
ated with 100 pct sinter burden. 

7) When high percentages of sinter are em- 
ployed, it is extremely important to have close con- 
trol of the sintering operation. 

8) It seems possible to assume that, by this prac- 
tice, the coke rate (including 12 pct ash content) 
can be reduced below 1100 lb per net ton of pig 
iron, and the productivity of a furnace can be in- 
creased above 3 net tpd per sq ft of hearth area 
under the following conditions of sinter: 


Degree of 
oxidation vassaedenl above 95 pct 
Strength . shatter index above 65 


(Required strength of sinter corresponds to 
furnace capacity) 

between 35 and 45 pct 

Fe content above 56 pct 

9) The good permeability of sinter layers leads 
to the stability of the furnace operation and the 
uniform gas distribution over the cross section of 
the shaft. It permits the elevation of blast tempera- 
ture above 1550°F without furnace difficulties. 

10) Troubles in the regions of the hearth and 
bottom that are caused by the high titanium-dioxide 
content in slag can be diminished by lowering the 
slag basicity. 


rote, ib per net ton (© 


ke 


8 70 60 50 40 30 2 #10 


Sinter, pct 


Fig. 2—Coke rate and total-burden:coke ratio as a function of 
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Fig. 4—Gas-temperature distribution over cross section of furnace 


about 20 ft below top. Different burdens are shown. 
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Domnarvet. 
by A. Firket and J. Molderez 


NSTALLATION of additional sintering facilities at 
| the Seraing Works of Cockerill-Ougrée near 
Liége, Belgium, has allowed the percentage of sinter 
in the blast furnace burden to be raised from 30 to 
45 pct, with enough capacity for temporary use of 
higher percentages. Described below is a test with 95 
pet sinter, which is compared to operation at lower 
percentages of sinter in the same furnace, and 100 
pet sinter burdens at Dilling, Saar, and Domnarvet, 
Sweden. 

Tests were designed to determine the following: 


A. FIRKET and J. MOLDEREZ are with the Seraing works of 
S.A. Cockerill-Ougrée in Belgium. This paper has been abstracted 
from an article which appeared in the Revue Universelle des Mines, 
Liége, February 1959. 
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0.050 Fig. I—Relation between sulfur 
and silicon, with lime to silica ratio 
Saeeceues between 1.15 and 1.25. 
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Fig. 2— Relation 
between sinter per- 
centage and some 
working results. 
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HIGH SINTER BURDEN 
EXPERIMENTS IN BELGIUM 


At Seraing, tests with low and high sinter burdens have shown a linear 
relationship between the percent of sinter charged and the coke rate, 
calorific value of top gases, and amount of flue dust produced. Experiments 
are compared with the 100-pct sinter burden practice at Dilling and 


gas characteristics. 


coke rate and coke consumption per ton of sinter: 
maximum production; blast furnace permeability 
(determined by blast pressure at a given production 
rate); heat content of the gas; flue dust size and 
volume; and quality of slag and iron produced. It 
was felt that these parameters would lead to better 
understanding of gas-solid reactions in the blast 
furnace. 


Test conditions 


Blast furnace dimensions, coke composition, and 
sinter composition for the three furnaces are shown 
in Table I. Sinter burden in the Seraing furnace was 
increased from 45 to 94 pct over a three-week period, 
and the main test, with 5 pct open-hearth slag and 
1 pct limestone added, lasted an additional three 
weeks. Inspection of the stack at the beginning of 
the test revealed no hanging, but instead showed a 
regular wearing back which was rather marked in 
the lower two-thirds of the lining. 

Coke: Vibrating screens with 1% in. round holes 
were used to screen regular Seraing coke. About 50 
pct was —55 mm in size. 

Sinter: Ore blend used at Seraing averages 5 pct 
Swedish ore and 95 pct of a mixture of minettes, 
which include pre-crushed French calcareous ores 
and Luxembourg siliceous non-crushed ore. Ore is 
passed through two crushers, the last set at 1% in., 
and passed over a % in. heated screen. Sinter mix 
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Fig. 4— Relation 
between sinter per- 
centage and coke 
rate factors. 


ep Blast temperature 
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used during the test had the following composition: 
calcareous minettes, 57.3 pct; siliceous minettes, 14.7 
pct; Swedish ore, 5.2 pct; flue dust, 18.8 pct; slurry, 
3.3 pet; and basic bessemer blowings, 0.7 pct. 
Sintering was performed on two Dwight-Lloyd 
strands, one 6x102 ft and the other 8x104 ft. Cooled 
and screened sinter was transported to the blast 
furnace bins. Porosity and density measurements 
were made using the South Kensington porosity test, 
with the following results: closed porosity, 5.7 pct; 
open porosity, 10.7 pct; absolute density, 4.0; apparent 
density, 3.35. Reducibility and softening point tests 
were made at the CNRM laboratories in Liége, but 
since there is no standard method of making such 
tests, comparison with other results is of little use. 


Blast furnace operation 

There is little to say about operation of the blast 
furnace during the six-week period, since it was 
very steady. Maintained at a daily rate of 340 net 
tons of coke and blown at maximum blast tempera- 
ture—about 1560°F—the furnace kept a regular 


working movement. Blast furnace permeability 
stayed roughly the same throughout the transition 
and testing periods. Tuyeres kept remarkably free, 
and the lowering slag index did not give rise to any 
difficulty at the tap hole. 


Table |. Furnace Dimensions and Material Aanlyses 


Seraing Dilling Domnarvet 


Blast furnace 
Hearth diam, ft 
Useful height, ft 
Useful vol, cu ft 
Hearth area, sq ft 

Coke 
Moisture, pct 
Ash (dry), pet 
Carbon idry), pet 
Wt of burden, net tons 

Sinter 
Total Fe, pct 
Metallic Fe + FeO 


Combined H:O 
Lime to silica ratio 


=| 
AID 


w 
ou 


Fig. 5 — Relction 
between sinter per- 
centage and factors 
contributing to 
blast furnace ther- 
mal load (in Ib of 
coke): 1, losses and 
errors; 2, sensible 
heat of slag; 3, 
sensible heat of 
H.0 + CO.,; 4, 
decomposition of 
carbonates and hy- 
drates; 5, supple- 
mentary coke for 
oxide reduction; 6, 
direct reduction 
coke; and 7, sensi- 
ble heat of pig 
iron, flue dust, and 
decomposition of 
phosphates. 
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Fig. 6—Coke consumption per net ton of sinter, as a func- 
tion of iron content of sinter. 


56 %Fe 


There were two substantial changes in charging 
practice during the period. Just as 95 pct sinter was 
reached, it had to be dropped suddenly to 25 pct, 
due to requirements of other furnaces. This did not 
cause any trouble, thereby showing agreement with 
tests at Gary works of U. S. Steel Corp. Another 
time during the test it was necessary to operate on 
65 pct stock sinter with poor size distribution, but 
this did not give rise to any difficulty either. Routine 
shutdowns of 5 to 6 hr, for maintenance purposes, 
were carried on throughout the test with no dif- 
ficulty in reblowing. 

Tables II and III give operating characteristics and 
chemical analyses for the Seraing furnace during the 


Table II. Production and Operating Statistics 


Seraing Dilling 


Prod\ction 

Per day, net tons 

Coefficient of useful volume 
Burden 

Sinter, lb per ton pig 

Ores, lb per ton pig 

Open hearth slag, lb per ton pig 

Limestone, lb per ton pig 


Total 
Primary flue dust, lb per ton pig 
Total flue dust, lb per ton pig 


Net wt of burden, Ib per ton pig 
Coke rate, lb per ton pig 
Coke rate at 85 pct C 
Blast 
Temperature, °F 
Pressure, psi 
Coke, tpd 
Throughput time, hr 
Rice rating 


1700 
1508 + + + ® 
1472 + 1400 | 4 
1436 
| ©) 
1200 + | 
572 
536 4 4 | 
500 | } | — 
392 + + + | 
356 4 © 
320 600} 
2 
7) 
4 
a 38 | 
Indirect reduction | | 
297 478 ang 9k ? 299 — | | 
. 
at 
: 
Vi 
: 
Dom- 
narvet 
490 546.5 535.5 
16 1/3 16 1/2 15 4,136 4,466 3,730 oa 
62 57 3/4 42 2/3 170 
17,550 17,125 7,945 211 — - ae 
211 211 175 42 
35 13-15 3 4,389 4,636 3,730 
9.7 9.5-11 9 50 156 ne + 
87 85.7-87 88 188 70 
— 4,327 4,448 3,660 
42 1,374 — 1,214 
125 1,374 1,442 1,232 
CaO 13.48 1,560 1,247 1,641 ae 
SiO» 11.33 8 7.1 7.1 to 8.5 
c 0.1 336 394 325 
1.19 0.64 0.75 0.72 
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Table III. Iron, Slag, and Gas Analyses 


Dem- 
Seraing Dilling narvet 
Iron 
c 3.56 3.51 3.40 
Si 0.42 0.57 0.30 
Mn 0.57 0.38 0.70 
P 1.92 1.70 1.80 
0.100 0.0070 0.050 
Temperature, *F 2,500 2,507 2,480 
Slag 
CaO 39.55 39.91 42.40 
Ssio, 32.54 32.72 33.60 
Basicity 1.21 1.21 1.26 
s 0.76 0.77 1.20 
Mn 1.05 0.52 1.30 
Wt, Ib per ton pig 1,640 1,780 850 
Temperature, *F 2,650 2,678 2,660 
Sulfur partition co- 
efficient 8 11 24 
Gas 
CO, 12.59 11.70 17.60 
co 26.08 27.30 25 
Hy 1.29 1.50 0.90 
CoyCco 0.48 0.43 0.70 
Calorific value, Btu 
per cu ft 92 96.9 86 
Temperature, *F 555 500 527 
Pressure, psi ~0 ~0 ~0 


Table IV. Effect of Increased Sinter 


30 Pet Sinter 95 Pet Sinter Difference 


Sinter in burden, pct 29.7 94.2 + 64.5 
Wind temperature, *F 1,398.2 1,558.4 + 160.2 
Top temperature, °F 325.4 555.8 + 230.4 
Yield, pet 38.2 46.2 +8 
Indirect reduction, pct 52.94 66.61 + 13.67 
Coke rate, Ib 1,704 1,374 330 


Saving of Coke Coke, Lb 


Indirect reduction + 13.67 


pet 190 11.15 
Wind temperature in*F + 89° 46 2.70 
Yield +8 pet 184 10.80 
Gas temperature in *F + 128° 90 5.30 

90 420 530 2465 
— 90 5.30 
330 19.35 


test period, together with similar results from Dill- 
ing and Domnarvet. 


Iron quality 

It is obvious that sulfur content was high. Sulfur 
partition coefficient, on the other hand, was low, its 
average value being around 8. Sulfur content is 
readily explainable when limitations imposed dur- 
ing the trial are considered—namely, a slag basicity 
of 1.2 due to the small amount of limestone used, 
necessity of producing iron with less than 0.5 pct Si, 
and lack of secondary screening which would elimi- 
nate —% in. material. Fine particles of sinter tend to 
cause bath oxidation, pushing the sulfur in the iron 
up. Of course, if all ore were crushed and screened, 
the sinter would have the same basicity as run-of- 
mine ore mix, about 1.35 in this case. 

Working rate: The test was not carried out to 
determine the maximum production rate, as the 
daily coke consumption was kept at 340 tpd, a mod- 
erate figure. Another test will be necessary to de- 
termine maximum production. 


Results: comparison with lower sinter 


burden 


It was desired to correlate increasing sinter burden 
with other factors, such as the production of primary 
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flue dust, blast furnace permeability, and calorific 
value of the gas. Fig. 1 correlates coke rate and 
these factors with sinter burden. Evolution of avail- 
able energy in the top gases, expressed in Btu per 
cu ft (losses not deducted), is shown in Fig. 2. 

The permeability coefficient a, based on the grain 
size homogeneity of the charge, is discussed in the 
reference.” 

To plot coke rate vs sinter percentage for a burden 
consisting of lump ore and sinter, it is necessary to 
calculate the corrected coke rate for standard con- 
ditions involving 0.5 pct Si, a blast temperature of 
1380°F, and a coke consumption of 400 tpd. Fig. 3 
gives this corrected coke rate. It appears that the 
corrected coke rate, plotted on a straight line, cor- 
responds to a saving of 6.6 lb of coke per percent of 
sinter replacing lump ore. 

The increased sinter burden, being a more re- 
ducible charge and permitting a hotter blast, has 
other effects on blast furnace operation. Some of 
these factors are given in Fig. 4. Indirect reduction 
increases by 0.2 pct per percent of sinter used, 
giving proof that the sinter is more reducible than 
the ore it comes from. 

Applying a calculation method developed by 
CNRM’, Fig. 5 shows, in terms of increasing sinter 
percentages, the thermal load of the blast furnace 
expressed in terms of pounds of coke. Finally, Table 
IV shows the working factors at 30 and 95 pct sinter, 
with the contribution of each of the above factors to 
the total effect created by the 65 pct of additional 


sinter. 


Results: comparison with other furnaces 


Operation on 100 pct sinter is standard practice 
at Domnarvet and has been used in several tests 
at Dilling. Their results should provide interesting 
comparisons, since the Seraing charge is a mixture 
of what is used at these two plants. Fig. 6 gives the 
specific consumption of coke per ton of charged 
sinter in terms of iron percentage in the sinter. These 
consumptions were established for a normal coke 
containing 3 pct moisture and 10 pct ash, and a fur- 
nace producing iron with 0.5 pct Si using a blast 
temperature of 1380°F. 


Conclusions 

From the 95 pct sinter test at Seraing, the follow- 
ing appear to be justifiable conclusions: 

1) All other things being equal, coke rate is a 
linear function of the percentage of sinter up to the 
maximum of 100 pct. The variation is about 6.6 lb of 
coke per percent of sinter replacing 1 pct of lump 
ore. 

2) Under the same conditions, calorific value of 
top gases decreases on a linear basis. This diminution 
is approximately 8 Btu per percent of sinter. 

3) The amount of flue dust produced is consider- 
ably reduced, this dust being much richer in carbon. 

4) Asa result of 1) and 2) above, the productivity 
of the blast furnace is materially increased. 

These findings, which seem reasonable enough, 
were highly controversial only a short time ago. 
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Phases and Processes 


Current Research on Tungsten 


by T. E. Tietz Lockheed Aircraft Corp., Missiles & Space Div. 


he properties which make tung- 

sten particularly attractive for 
high temperature applications are 
its melting point of 3410°C (6170°F) 
(highest of all the refractory met- 
als), its high modulus of elasticity 
(58 x 10° psi, higher than that for 
columbium, molybdenum, or tan- 
talum), and its relative abundance. 
The main problems to be solved in 
the development of satisfactory tung- 
sten-base alloys appear to be its 
high transition temperature from 
ductile-to-brittle behavior, and its 
relatively poor oxidation resistance, 
although in this latter respect it is 
about 15 times better than molyb- 
denum at 2000°F. An additional dis- 
advantage of tungsten is its high 
density—19.3 g per cc. 

A recent survey’ for the Bureau 
of Aeronautics indicated that where- 
as the mechanical properties and ox- 
idation behavior of commercially- 
pure tungsten had been fairly well 
evaluated, almost no work had been 
conducted or reported on tungsten 
alloy development, or the role of 
specific impurities in its ductile-brit- 
tle behavior. Of the four refractory 
metals which are sufficiently abun- 
dant for extensive use—columbium, 
molybdenum, tantalum, and tungsten 
—the major research and develop- 
ment efforts have been directed to- 
ward molybdenum-base and colum- 
bium-base alloys. Surprisingly little 
work has been reported on tantalum- 
base alloys; however, government 
supported research has recently been 
initiated on tantalum and tantalum- 
base alloys. Greatly increased in- 
terest and research effort has re- 
cently been directed toward evaluat- 
ing the potential of tungsten-base 
alloys for high temperature applica- 
tions. 

The extent of current government- 
supported research activity on tung- 
sten was well demonstrated at a 
government-organized conference at 
Durham, N. C., on May 20-21, 1959, 
at which over 20 progress reports 
were presented. For the most part, 
these programs are in the initial 
stages and available numerical data 


are not extensive. However, on the 
basis of the stated objectives and the 
current rate of effort, within a year 
or two we should have a much better 
idea of what can be expected of 
tungsten-base alloys for very high 
temperature applications. The pri- 
mary purpose of this paper is to 
outline the current research activ- 
ities on tungsten and tungsten-base 
alloys. 


Preparation of high-purity tungsten 

The US Bureau of Mines has five 
stations actively engaged in research 
programs directed toward production 
and evaluation of high-purity tung- 
sten.” Hydrogen reduction of tung- 
sten halides appears to be one of the 
most promising techniques, yielding 
arc-melted metal with purities of 
99.99 pct, including gas analyses. 

General Electric Research Labora- 
tories” has produced 4-in. diam 
high-purity tungsten ingots by con- 
sumable-electrode melting’ tech- 
niques in which the nitrogen, hydro- 
gen, and oxygen contents are all 
reported below 1 ppm. Ingots of this 
material have been extruded at 
1650°C (3000°F), followed by forg- 
ing and rolling at lower tempera- 
tures. The one-hour recrystallization 


HIGHLIGHTING CURRENT 
DEVELOPMENTS IN METALS 


temperature of this material after a 
60 pct reduction by rolling was found 
to be 1250°C (2280°F), several 
hundred degrees lower than values 
previously reported for commercial 
purity material. 


Improved methods for impurity analyses 

The Bureau of Mines™ is also con- 
cerned with developing new or im- 
proved methods for determining 
trace elements in high-purity tung- 
sten. Its goal is to report purity in 
terms of percentage tungsten, and 
thus determine quantitatively the 
presence of all possible impur- 
ities. The limits of sensitivity of 
analyses currently reported by vari- 
ous investigators” for interstitial 
impurities range as follows: C, 2 to 
20 ppm; H, 0.1 to 1 ppm; N, 0.3 to 10 
ppm; and O, 1 to 10 ppm. 


Properties of high-purity tungsten 

A number of studies are in prog- 
ress to evaluate certain properties 
of commercial purity and high- 
purity tungsten, in both single crys- 
tal and polycrystalline form. Table 
I presents a summary of these 
studies. 

Atkinson” has reported a tensile 
transition temperature for high- 
purity powder metallurgy tungsten 


Table |. Current Studies on Unalloyed Tungsten 


Subject or Property 
under Investigation 


Ductile-brittle transition temp 
Recrystallization temp 

Tensile properties to 3000°F 
Creep-rupture properties to 3000°F 
Internal friction studies 
Ductile-brittle transition temp 
High-temp slip systems 

Tensile 

Creep-rupture 

Thermal expansion 

Thermal conductivity 

Modulus of elasticity 

(Plan to evaluate all properties to 5000°F) 
Tensile properties to 4500°F 
Creep-rupture properties to 4500°F 
Ductile-brittle behavior 


Ductility 
Slip and twinning mechanisms 
Creep rupture properties to 5000°F 


Effect of strain-rate and fabrication on 
ductile-brittle transition temp 


Condition and Reference 


Commercial purity and high purity for 
both powder metallurgy and cast tung- 
sten.* 


Tungsten single crystals* 


Consumable-electrode vacuum-are melt- 
ing, possibly electron-beam melting 
later.” 


Commercial powder-metallurgy tungsten 
electro-beam zone-melted.’ 


Electron-beam zone-melted single crystals 
and coarse polycrystalline material.” 
Tungsten single crystals prepared by elec- 

tron-beam zone melting. 
Commercial powder-metallurgy tungsten.'” 
Commercial powder metallurgy tungsten 
and arc-melted tungsten. 
Impact extruded or swaged.“ 
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of 200-225°C as conpared to 400-450° 
C obtained for commercial purity 
tungsten. 

Hall, Sikora and Ault” have eval- 
uated tensile properties of tungsten 
to test temperatures of 4500°F. From 
2500 to 3600°F the ultimate tensile 
strength of recrystallized tungsten 
was found to decrease from 32,000 
psi to about 10,000 psi with a de- 
crease in reduction-in-area from 95 
to 25 pct. By way of comparison, 
these investigators reported an ulti- 
mate tensile strength for molyb- 
denum of 2100 psi and for Mo + 0.5 
Ti alloy a value of 1260 psi, both at 
3600°F. At 4500°F, tungsten had a 
tensile strength of 4260 psi, which 
was twice the tensile strength mo- 
lybdenum exhibited at a tempera- 
ture about 1000° lower. 


Effect of impurities on the 
properties of tungsten 


The effect of interstitial impurities 
on the properties of tungsten are 
being evaluated in a number of 
studies,” however detailed results 
are not presently available. The BMI 
study“” appears to be the most 
extensive, wherein the effects of 
single interstitial impurities on the 
plastic properties of tungsten are to 
be evaluated for high-purity single 
crystals and the single crystal ma- 
terial processed into polycrystalline 
sheet in order to evaluate the effect 
of the specific impurities in the pres- 
ence of grain boundaries. 


Melting and fabrication studies 

A number of organizations are 
conducting studies related to melting 
and fabrication of tungsten. A recent 
DMIC report by Barth” deals solely 
with melting and fabrication of 
tungsten, and the reader is referred 
to this report for detailed informa- 
tion. 


Constitution of tungsten alloys 

The constitution of the following 
tungsten alloys is being studied: 
W-Hf,"” W-Ir,” W-Os,°” W-Ru,”” 
W-Ta-Hf,” and W-Ta-Re.”” In ad- 
dition, isothermal ternary diagrams 
at 1000 and 1500°C are being evalu- 
ated at Armour Research Founda- 
tion.’ This study ‘is to include 
ternary systems based on the W-Ta 
binary system with Cb, Cr, Mo, Os, 
Re, and V as ternary additions, and 
ternary systems based upon the W- 
Mo binary system with Cb, Cr, Os, 
Re, and V as ternary additions. 


Tungsten alloy development 

The major interest in tungsten is 
its potential use as an alloy base for 
structural applications at very 
high temperatures—temperatures 
certainly in excess of maximum 
service temperatures for the super 
alloys, and also in excess of those 
for other refractory metal base al- 
loys. 

For maximum temperature use- 
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fulness the solidus of an alloy 
should be maintained as high as pos- 
sible. Solid solution additions, par- 
ticularly of elements which form 
continuous solid solutions, best meet 
this requirement. For example, a 
1 pet addition of iron which has a 
very limited solubility in tungsten 
results in an alloy which has a 
solidus at about 1640°C (2980°F), 
contrasted to the melting point of 
tungsten of 3410°C (6170°F). On the 
other hand, a 1 pct addition of an 
element which forms a complete 
solid solution with tungsten, such 
as columbium, molybdenum, or tan- 
talum, results in an alloy with a 
solidus above 3300°C (5970°F). 

Table II summarizes a number of 
tungsten alloy development pro- 
grams indicating the alloy systems 
under study and the properties to be 
evaluated. As would be expected, a 
large number of the alloy studies 
deal with solid solution additions; 
two studies include an evaluation of 
rare earth additions, and one study 
is being conducted on dispersion 
strengthening. For the most part, 
only preliminary results have been 
reported. 


Oxidation studies on tungsten alloys 
Exploratory oxidation studies by 
Semmel™ on the effect of binary ad- 
ditions of Cb, Co, Cr, Mo, Ta, Ti, and 
V on the oxidation of tungsten, in- 
dicated that columbium and tanta- 
lum additions showed particular 
promise. Detailed studies on colum- 
bium additions” indicated that tung- 
sten alloys containing from 2.5 to 
10 pet Cb exhibited linear oxidation 
at 2000°F, whereas they exhibited 


Table I!. Tungsten Alloy Studies 


Alloy System Properties and Reference 


Workability 
Recrystallization temp 
Oxidation 
Ductile-brittle behavior 
Tensile 

Creep” 

Tensile 

Creep* 


Workability 
Tensile to 4500°F 
Creep to 4500°F"™5 


Hardness: room temp to 
3000°F2 


Forging 
Oxidation? 


Mechanical behavior’ 


Ductile-brittle transition 
temp 

Hardness™ 

Mechanical behavior 

Deformation mechanisms 

Deformation mechanisms'' 

Oxidation at 2000° to 
2300°F= 


parabolic oxidation at 2300°F, ap- 
parently due to sintering of the oxide 
at the higher temperature. Alloys 
containing from 15 to 50 pet Cb ex- 
hibited parabolic oxidation at both 
2000 and 2300°F. However, at 2400°F 
the oxide was found to evaporate. 


Protective coatings on tungsten 

Goetzel”” has studied the effect 
rhodium coatings on reducing oxida- 
tion of tungsten. Using apparent 
evolution of WO, as the breakdown, 
criterion, the most effective coating. 
found consisted of alternate layers 
of chromium, silicon, chromium, 
and rhodium on a W + 1.8 pet ThO, 
substrate. This coating allowed heat- 
ing in air at 3000°F for times up 
to 20 min before breakdown as 
compared to unprotected tungsten 
which could only be heated less than 
1 min at 1800°F. 


Summary 

Although at this time relatively 
little property data are available on 
tungsten-base alloys, it is apparent 
from the extent of current research 
activities that within a year or 
two we can look forward to having 
a much better idea of the real po- 
tential of tungsten-base alloys for 
high temperature applications. 
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*R. P. Morgan: Union Carbide Metals Com- 
pany, Niagara Falls, N. 

‘J. L. Taylor: Jet Propulsion Laboratory, 
Pasadena, Calif. 

*R. W. Hall, P. F. Sikora, and G. M. Ault: 
Lewis Research Center, NASA, Cleveland. 
Ohio. 

“J. Wulff: MIT, Cambridge, Mass. 

''G. A. Geach: Associated Electric Indus- 
tries Limited, Research Laboratory, Alder- 
maston Berkshire, England. 

2W. V. Green, M. C. Smith, and D. M. 
Olson: Los Alamos Scientific Laboratory. 

*E. L. Harmon: Union Carbide Metals 
Company, Niagara Falls, N. Y. 

“R. I. Jaffee, B. C. Allen, and D. J. May- 
kuth: Battelle Memorial Institute, Columbus, 
Ohio. 

“R. W. Hall: Lewis Research Center, 
NASA, Cleveland, Ohio. 

*V. D. Barth: The Fabrication of Tung- 
rot DMIC Report No. 115, August 14, 1959, 
OTS PB 151071. 

N. J. Grant: MIT, Cambridge, Mass. 

‘A. Taylor: Westinghouse Research Labo- 
ratory, Pittsburgh, Pa. 

“A. R. Kaufmann: Nuclear Metals, Inc.., 
Concord, Mass. 

*” L. S. Richardson, L. L. France, and D. H. 
Feisel: Westinghouse Research Laboratories, 
Pittsburgh, Pa. 

Rostoker: Armour Research Founda- 
tion, Chicago, Ill. 

*M. Semchyshen: Climax Molybdenum Co. 
Laboratories, Detroit, Mich. 

8D. T. Klodt and C. E. Lundin: Denver 
Research Institute, Denver, Colo. 

“RR. I. Jaffee and F. C. Holden: Battelle 
Memorial Institute, Columbus, Ohio. 

*=J. W. Semmel, Jr.: General Electric 
Flight Propulsion Laboratory, Evendale, Ohio. 

*J. W. Semmel, Jr.: The High Temper- 
ature Oxidation of W-Cb Alloys, ASM 1959 
Preprint No. 161. 

= C. G. Goetzel: New York University, 
F. 
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AIME OFFICERS: 


PRESIDENT—HOWARD PYLE 


WALTER HIBBARD, JR., 


JOHN C. KINNEAR JR., 
TREASURER—c. COOSON 
SECRETARY—ERNEST KIRKENDALL 


AIME STAFF: 


J. C. FOX, RR. W. SHEARMAN 


ASST. TREASURER—JOHN LYNCH 


Powder Metallurgy 
Committee Co-sponsors 
1960 Meeting 


The Powder Metallurgy Commit- 
tee of The Metallurgical Society, 
AIME, is co-sponsoring an Inter- 
national Conference on Powder 
Metallurgy, scheduled for New York 
City, June 13-15, 1960. One day will 
be devoted to fundamentals and 
theory; another to technology and 
methods; and the third to alloys, 
materials, and applications. Tours 
of powder producing plants, parts 
manufacturers, and compacting press 
and sintering furnace manufacturers 
are also in the offing for the two 
days immediately following the Con- 
ference. 


The Metal Powder Industries 
Federation is joint-sponsor for the 
meeting, which will convene at the 
Biltmore Hotel in New York. Dr. 
F. V. Lenel of the Powder Metal- 
lurgy Committee, IMD, and K. H. 
Roll, Metal Powder Industries Fed- 
eration, are co-chairmen of the Con- 
ference. 


Indian Symposium 
On Pilot Plants Set 


A Symposium on Pilot Plants in 
Metallurgical Research and Devel- 
opment will be held in Jamshedpur, 
India, February 1960. Sponsored by 
that country’s National Metallurgi- 
cal Laboratory, the Symposium will 
examine pilot plants in relation to 
mineral dressing, thermal and chem- 
ical beneficiations of low-grade fer- 
rous and nonferrous ores . . . pilot 
plants based on pyrometallurgical 
operations, such as the low-shaft 
furnace for smelting of iron ores, 
and oxygen steelmaking methods 

. as well as other applications of 
pilot plants to research and imple- 
mentation in industry. 


For more information, contact: 
B. R. Nijhawan, Director, National 
Metallurgical Laboratory, Jamshed- 
pur, India. 


PAST-PRESGIDENT—AUGUSTUS B. KINZEL 
PRESIDENT-ELECT—JOSEPH GILLSON 


VICE-PRESIDENTS—e. Cc. BABSON, THOMAS © 
ELMER A. JONES, 
ROGER Vv. PIERCE 


ASST. SECRETARIES—J. 8. ALFORD, H. N. APPLETON, 


Pittsburgh Off-The-Record Meeting 
on Nov. 6th 


The 14th Annual Off-The-Record 
Meeting, sponsored by the Pitts- 
burgh section, AIME, Engineers’ 
Society of Western Pennsylvania, 
and the Pittsburgh section of NOHC, 
will be held Nov. 6th at the Penn- 
Sheraton Hotel in Pittsburgh. 

A full slate of technical sessions, 
sponsored by the three sustaining 
societies, plus Pittsburgh section 
groups, is planned for the day. 

Registration will begin at 8:30 
am in the Sky Room, on the 17th 
floor of the Penn-Sheraton. Begin- 
ning at 9:30, five simultaneous meet- 
ings will take place. These same five 
groups will reconvene at 2 o’clock, 
following lunch. Next on the agenda 
is a 5:45 pm cocktail party, with 
the Suppliers’ Committee acting as 
hosts. Then comes the Fellowship 
Dinner at 7 pm. Dinner speaker will 
be Dr. Clifford C. Furnas, Chancellor 
of the University of Buffalo. Before 
assuming an administrative role, 
Dr. Furnas conducted research in 
process metallurgy and chemistry, 
and has been a consultant for the 
US Dept. of Defense. 

The Institute of Metals group, 
Pittsburgh section, will hold sessions 
of particular interest to metals men. 
Some New Tools for Metallurgical 
Research is the theme for the morn- 
ing session. Internal Friction Meas- 
urements ... Use of Digital Com- 
puters in Metallurgical Research . . 
and Ultrasonic Applications will be 
treated in as many papers. 

Research in Progress, the after- 
noon topic, will offer New Interpre- 
tation of the Yield Point in Iron... 
Nature and_ Stability of Ab- 
sorbed Hydrogen in Iron and 
Steel . . . Influence of Magnetic 
Fields on Fatigue . . . Electron Mi- 
croscopic Investigation of Aging 
Phenomenon... and Some Variables 
Influencing the Properties of Tem- 
pered Type 410 Stainless Steel. 

The following papers have been 
lined up for the morning session of 
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the Pittsburgh section of NOHC: 
Firing Open-Hearth Furnaces With 
Multiple Mobile Burners Through 
the Roof ... Low Pressure Basic 
Roof ... and Basic Roof Perform- 
ance. 

The afternoon will be given over 
to Production Benefits During the 
Last Year—as noted by case histories 
at various facilities. The Basic Ox- 
ygen Furnace and Metallurgical As- 
pects of Hi-Speed Oxygen Steel- 
making will also be discussed. 


Electric Furnace 
Men Meeting at 
Cleveland Dec. 2-4 


William E. Ulmstattd, chairman 
of the Executive Committee, The 
Timken Roller Bearing Co., will be 
one of the principal speakers at the 
1959 Electric Furnace Conference, 
Dec. 2-4. Foreign trade will be the 
subject of his talk, which will be 
given at the Conference, banquet in 
the Sheraton-Cleveland meeting 
place the evening of Dec. 3rd. 

Toastmaster for the Banquet will 
be Daniel R. Loughrey, co-ordinator 
of steelmaking operations, J&L. 

It is the first time since 1945 that 
Cleveland will be host to the Con- 
ference. This meeting will also differ 
in the fact that technical sessions are 
scheduled for the first two days, 
and plant trips on the third. 

Technical sessions are planned on 
Arc Characteristics ... Refractor- 
ies ... Raw Materials and Special 
Alloys . . . Construction Steels ... 
Tool Steels . . . Stainless Steels... 
Electrode Penetration .. . Automatic 
Furnace Regulation and the 
Manufacture of Calcium Carbide 
and Refractories. 

Friday, Dec. 4th, plant trips have 
been arranged for the Republic 
Steel Corp., Canton, Ohio; and Bab- 
cock & Wilcox Co., Barberton, Ohio. 
Condensed program on p. 718. 
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AROUND THE SECTIONS 


Utah section announces its winners 
in a Student Prize Paper competi- 
tion. In the graduate division, Robert 
L. Martin, Jr.. was awarded first 
prize for his paper on Infrared An- 
alysis of Inorganic Solids En- 
countered in Smelter Processes. 
There was no other paper qualified 
for a prize in that division. In the 
undergraduate division. Leo A. 
Rogers copped first prize for a study 
on Spectrophotometric Analysis of 
Columbium. Gordon R. Dorny re- 
ceived second prize for a paper on 
Sulfidizing of Partially Reduced 
Oxides of Copper. 

Cash awards were given the win- 
ners at the Section’s September 
meeting. The three papers are also 
being submitted to the AIME Na- 
tional Student Prize Paper Contest. 


San Francisco section heard Dr. 
Ian Campbell, chief of the Califor- 
nia State Division of Mines, speak 
on California State Division of 
Mines Faces the 1960's at its Sept. 
9th meeting. Eighty-six members at- 
tended the meeting, presided over 
by Lawrence T. Kett, Chairman. 


Cleveland section’s first meeting 
on Sept. 17th found them on tour 
of the Republic Steel Research 
Center there. Following an inspec- 
tion of the facilities and dinner, a 
technical meeting was held on the 
premises. Andrew Forrest, asst. to 


Southwestern Section, 
NOHC, Holds Meeting 


The Fall Meeting of the South- 
western section, NOHC, was held at 
the Pere Marquette Hotel in Peoria, 
Ill, Oct. 8-9. The Meeting was 
marked by plant tours, technical 
sessions, and social events. 

Thursday, Oct. 8th, was spent in 
plant tours of the Keystone Steel 
& Wire Co., in Peoria. The twilight 
hours were given over to informal 
gatherings at the hotel. On Friday, 
morning and afternoon technical 
sessions were held under the chair- 
manship of L. B. Lindemuth, Key- 
stone Steel & Wire Co. The following 
papers were presented: Values of 
Oxygen Analyses, Dan Brophy, Col- 
orado Fuel & Iron Corp.; The Rela- 
tionship of Inclusions to Refractories 
and Deoxidation Practices, Harley 
Hartman, C. F. & I., Corp.; Oxygen 
Roof Lance Practice at Granite City 
Steel, J. E. Goodwin, Granite City 
Steel Co.; Basic Roofs, Ernest Hep- 
pler, Fairless works, U.S. Steel 
Corp.; New Maerz-Boelens Basic 
Furnace Design at Keystone, Al 
Sommer, Keystone Steel & Wire Co.; 
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the chief metallurgist of Republic 
Steel addressed the group on Steel 
Requirements: Some Old, Some New. 

Then, on Oct. 15th, the Section 
met at Cleveland’s Engineering and 
Scientific Center for its regular third 
Thursday of the month meeting. 
Highlight of the meeting was a talk 
by Dr. A. S. Russell, Alcoa Research 
Laboratories, on the Joining of Alu- 
minum. 

The Section’s next meeting on 
Nov. 19th will be held jointly with 
the Cleveland section of NOHC. 
W. D. Debenham, of the U.S. Steel 
Corp., is scheduled to address the 
meeting on the Role of Refractories 
in Steel’s Future. 


New York section held its opening 
meeting Sept. 24th. The technical 
meeting followed a 6:30 dinner. 
Theme of the meeting was Outlook 
for Nonferrous Metals. Irving Lip- 
kowitz, director of economic affairs, 
Reynolds Metals Co., presented the 
case for Aluminum. Simon Strauss, 
meanwhile, provided insight on Cop- 
per, Lead, and Zinc. Mr. Strauss is 
a vice president of the American 
Smelting & Refining Co. 


Southern California section will 
hear Dr. Derek Walton speak on 
Mechanisms of Friction and Ad- 
hesion Between Moving Parts at its 
Nov. 12th meeting. As usual, the 
meeting will be held at Rodger 


and a symposium on Uptake Areas, 
headed by Bill Lindemuth, Keystone 
Steel & Wire. 

The Fall Meeting concluded with 
a cocktail hour and Fellowship Din- 
ner, at which Mr. Sommer served 
as toastmaster. 


Analytic Chemistry, 
Applied Spectroscopy 
Conference Set 


Pittsburgh will be the site of a 
conference on Analytical Chemistry 
and Applied Spectroscopy, Feb. 29- 
Mar. 4, 1960. The Penn-Sheraton 
Hotel meeting is sponsored by the 
Analytical Chemistry group of the 
Pittsburgh section, American Chem- 
ical Society, and the Spectroscopy 
Society of Pittsburgh. 

Symposia are planned on Statis- 
tical Control of Laboratory Opera- 
tion . . . Gas Chromatography .. . 


Nuclear Magnetic Resonance... 
Molecular Fluorescence Spectro- 
scopy ... Application of Infra-Red 


Spectroscopy to Trace Analysis... 
Applied Nucleonics . . . and X-ray 
Fluorescence Spectroscopy. 


Young Auditorium. Dr. Walton is 
with Convair div. of General Dy- 
namics Corp. 


Connecticut section’s September 
meeting featured an afternoon plant 
trip to Carpenter Steel Co. Later, 
after dinner, a technical meeting was 
held, during which Walter A. Schle- 
gel, of Carpenter Steel, spoke on 
High Speed Steel. 

The Section’s second meeting of 
the year will be Nov. 12th at the 
Chase Country Club in Waterbury. 
AIME President-Elect Joseph Gill- 
son will be on hand to give a short 
talk on The Aims of AIME. Tech- 
nical speaker for the meeting will 
be James Bechtold, Westinghouse 
Research Laboratories, on The Phi- 
losophy of Material Design. 


Western section, NOHC, held its 
first meeting in Los Angeles Oct. 7th. 
Speaker for the evening was K. W. 
Mate, of the Columbia-Geneva div. 
of U.S. Steel. Mr. Mate talked on 
Steelmaking Raw Materials in Cal- 
ifornia. This month the Section is 
planning a Dinner-Dance. Details 
were incomplete at this writing. 


Lima, Peru section heard Mr. Al- 
fonso Ballon, consultant for Cia. 
Explotadora de Hierro de Acari, 
speak on the Casting of Iron and 
Steel, on Aug. 19th. The meeting was 
held in the America Room of the 
Hotel Bolivar. 


Boston section held its first meet- 
ing of the season Monday, Oct. 5th. 
Speaking at the MIT Faculty Club 
in Cambridge, Dr. Terkel Rosen- 
qvist described Metallurgical Prob- 
lems in Norway. In his talk the prof. 
of extractive metallurgy, Institute 
of Technology, Trondheim, Norway, 
alluded to the problems inherent in 
extracting metals with hydro-elec- 
tric power. 


Morenci subsection of the Arizona 
section gathered at the Longfellow 
Inn in Morenci on Sept. 8th to hear 
Mr. A. M. Kinneberg, of the Morenci 
Smelter div. of Phelps Dodge Corp. 
The Braden operation in Chile was 
the topic of his talk, while pictures 
helped illustrate his experiences 
there. 

During the business portion of the 
meeting, W. C. Conger urged dona- 
tions to the United Engineering 
Building Fund. Pledge cards were 
passed out to members. 


St. Louis section listened to a de- 
scription of physical and chemical 
tests for determining the commercial 
possiblilities of clay reserves, at the 
Hotel York on Sept. 11th. Mr. James 
Wescott, prospecting supt., for the 
A. P. Green Fire Brick Co., made the 
observations at the Dinner Meeting. 
Then, on Oct. 9th, the Section went 
on a field trip to the mine, mill, and 
surface workings of the Ozark Min- 
ing Co.’s Iron Mountain Mine, [ron 
Mountain, Mo. 
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EDUCATION 


(Continued from page 730) 


sity’s physics dept., and will be used 
for both classes and research. 


BOOKS 

Forging—Product Information is 
the title of a new 336 pp. hard cover 
book on aluminum forging and 
forged aluminum products, pub- 
lished by Kaiser Aluminum & Chem- 
ical Sales, Inc. While intended pri- 
marily for those interested in alumi- 
num forgings, its information lends 
itself to specific or comparative 
analysis by fabricators. Topic head- 
ings include: Advantages of Alumi- 
num Forgings in Modern Industry 

. Selecting the Aluminum Forging 


Alloy ... Types of Forgings .. . 
Forging Equipment .. . Forge Engi- 
neering .. . Die Sinking . . . The 
Forging Process . . . Quality Control 

. Heat Treatment ... Ageing... 
Forging Tolerances . . . Designing 
Aluminum Forgings Forging 


Other Light Metals .. . and Forging 
Techniques of the Future. 

The book is available free of 
charge, when requested on company 
letterhead. Address: Technical Pub- 
lications Dept., Kaiser Aluminum & 
Chemical Sales, Inc., 1924 Broadway, 
Oakland 12, Calif. 


& Writing and Publishing Your 
Technical Book, F. W. Dodge Corp., 
1959—This booklet was written to 
help authors organize and develop 
their ideas for books to the point 
where they can obtain the support 
and backing of a publisher. It an- 
swers a great many questions about 
the author-publisher relationship, 
and presents many practical check- 
lists for preparing material for pub- 
lication. 

This 50 pp. outline’ includes 
chapters on: Should You Write a 
Book; Planning for Success; Choos- 
ing a Publisher; The Prospectus and 
Outline; Writing the Specimen 
Chapters; and Acceptance and Con- 
tract. 

For your free copy, write: Dodge 
Books, F. W. Dodge Corp., 119 W. 
40th St., New York 18. 


& World Directory of Mineral In- 
dustries Education, edited by H. L. 
Hartman for the Council of Educa- 
tion, AIME, 88 pp., 25 cents, 1959— 
This is a compilation of names and 
addresses of universities and faculty 
members associated with mineral 
industries education and technology. 
Included are professors and schools 
engaged in metallurgy, mining engi- 
neering, mineral economics, geo- 
logical engineering, geophysics, fuel 
technology, ceramic engineering, and 
petroleum engineering. 

For your copy, send 25 cents to 
Dr. J. J. Schanz, Secretary-Treas- 
urer, Council of Education, AIME, 
c/o Rm. 206, Miieral Science Bldg., 
The Pennsylvanie State University, 
University Park, Pa. 


35,000 Specimens... 
105,000 Photomicrographs... 


Not Gue Breakdown 


at 


Metallurgist Byron Carns says: 


“In the past five years at Kennametal, our AO Research 
Metallograph has been operated at a minimum expendi- 
ture with regi ard to mainte mance and re pairs ++. Some 
35.000 specimens were examined and over 105,000 
photographs taken for permanent records.” 


Kennametal Inc. of Latrobe, Pa. produces cemented cardides, tantalum, niobium 
and high temperature alloys. Their lab is a busy place and their AO Metallograph 
2400P has to produce a photomicrograph on the average of every six minutes. The 
AO Metallograph is constantly in use on research and development as well as the 
routine control work that floods every industrial laboratory. 

Talk to people like Byron Carns! You'll find that the AO Metallograph is de- 
signed for maximum efficiency. You perform every operation while sitting com- 
fortably at a modern desk. You compose the picture on a screen directly in front 
of you . . . the camera is focused automatically while you examine the specimen 
through the microscope. You can take notes, change magnifications, orient speci- 


mens, make exposures... 


all with unbelievable speed, ease and precision. 


Write NOW for the complete AO Metallograph story! Learn how the AO 
“Workhorse” can earn its keep in your laboratory. 


American Optical 


Company 


Dept. W182 


Please send me information on the LABORATORY 


WORKHORSE ...the AO METALLOGRAPH. 


NAME 


ADDRESS _ 


CITY 
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Choose ‘High Velocity 
Deformation’ As 
IMD Conference Topic 


Response of Materials to High- 
Velocity Deformation is the title of 
the Technical Conference to be spon- 
sored by the Physical Metallurgy 
Committee July 11-12, 1960. The 
two-day meeting, to be held at the 
Stanley Hotel, Estes Park, Colo., will 
constitute a portion of the Institute 
of Metals Division programming for 
1960. 

The only previous conference on 
the subject was held in London in 
1957, under the auspices of the Insti- 
tution of Mechanical Engineers. Un- 
like the proposed conference, it did 
not deal with metallurgical aspects 
as much as with the phenomena of 
higher strain rates. The 1960 Confer- 
ence will cover the crystallographic, 
metallographic, and basic metallur- 
gical phenomena of metals under 
high strain rate. It will not concern 
itself with explosive forming meth- 
ods of engineering. 

Submitted papers will constitute a 
part of the meeting. Prospective au- 
thors should limit abstracts to 500 
words, and submit them prior to the 
Dec. 15th deadline. They should be 
addressed to: B. F. Brown, Code 
6320, Naval Research Laboratory, 
Washington 25, D. C., as soon as pos- 
sible. 


Lenel Heads 
Powdered Zinc Study 


Improved wrought zinc alloys 
through powder metallurgy is the 
aim of F. V. Lenel and his research 
team at Rensselaer Polytechnic In- 
stitute. The project, activated June 
18th, is under the sponsorship of the 
American Zinc Institute. 

Zinc alloys with better mechanical 
properties as the result of inter- 
ference hardening in the microstruc- 
ture are being sought. These proper- 
ties are best obtainable with metal 
powders rather than molten metal, 
the researchers find. 

Schrade F. Radtke, research di- 
rector of the Institute’s research 
program, points out that uniformly 
fine grain size can be obtained by 
starting with powders. Other metals 
have been strengthened by intro- 
ducing a fine dispersion of an in- 
soluble second phase in the metallic 
matrix, he notes. Methods for con- 
solidating zinc powder into semi- 
fabricated products include cold 
pressing and subsequent sintering; 
pressing at a temperature near the 
melting point under relatively low 
pressure; loose powder sintering; 
direct extrusion of loose powder at 
elevated temperatures; and direct 
rolling of powders either at room or 
elevated temperatures followed by 
sintering and re-rolling. Compacts 
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produced by these methods will be 
further fabricated by extrusion and/ 
or warm rolling, and both atomized 
zine powder and the various grades 
of zine dust will be investigated, it is 
expected. 


Lubrication Meeting 
Draws Society Papers 


Papers by men of The Metal- 
lurgical Society, AIME, helped make 
up the Sixth Annual Lubrication 
Conference, sponsored by The Amer- 
ican Society of Lubrication Engi- 
neers and the Lubrication div. of the 
American Society of Mechanical 
Engineers Oct. 20-22. 

A. M. Sabroff and P. D. Frost of 
Battelle Memorial Institute brought 
forth A Comparison of Lubricants 
and Coatings for Cold Extruding 
Titanium. R. H. Baskley, of Horizons, 
Inc., spoke on A Research Program 
on the Investigations of Seal Mate- 
rials for High Temperature Applica- 
tions. And E. B. Mikus of the Gen- 
eral Motors Corp. co-authored a 
paper on The Effect of Ball Bearing 
Steel Structure on Rolling Friction 
and Contact Plastic Deformation. 


Stress Measurement 
Symposium Planned 


A Stress Measurement Symposium 
will take place on the Arizona State 
University campus, Tempe, Ariz., 
Jan. 25-29, 1960. The meeting, spon- 
sored by the journal, Strain Gage 
Readings, will cover the areas of 
Photoelasticity . . . Brittle Coatings 

. Resistance Strain Gages... 
Theoretical Analysis . . . Selection 
of Methods: Possibilities and Limi- 
tations . . . and Basic Concepts. 
Special lectures, discussion periods, 
and extracurricular activities are 
also scheduled. 

Registration for the five-day 
symposium is $200 per person. For 
further details, write: Peter K. 
Stein, Editor, Strain Gage Readings, 
5602 E. Monte Rosa, Phoenix, Ariz. 


New Cobalt Journal 


Cobalt, an_ illustrated quarterly 
published by the Cobalt Information 
Center, is now replacing the 
monthly publication, Literature Ab- 
stract Bulletin. The new journal is 
available in both French and Eng- 
lish, and features technical articles 
on the various uses of cobalt and 
its alloys, reports of cobalt research 
and development projects, as well 
as news of general interest to cobalt 
users. 

For more information, contact: 
Cobalt Information Center, c/o Bat- 
telle Memorial Institute, 505 King 
Ave., Columbus 1, Ohio. Persons 
from outside the Americas should 
send requests to the Centre d’ In- 
formation du Cobalt, 35 Rue des 
Colonies, Brussels, Belgium. 


Set Symposium 
on Electrometallurgy 
for Italy 


The Italian Metallurgical Asso- 
ciation is planning a symposium on 
electrometallurgy for Milan next 
Spring. Its official name will be: 
Symposium on the Electrolysis of 
Molten Salts and the Production of 
Special Nonferrous Metals by the 
Electrothermic Method. 

In addition to technical sessions, 
visits to research institutes and 
electrometallurgical works are also 
foreseen. 

For more information, contact the 
Secretary, Associazione Italiana di 
Metallurgia, Via Moscova 16, Milan. 


Instrument Symposium 
Stresses Solid State 


Solid Facts About Solid State is 
the theme of a two-day symposium 
on solid state devices in instrumen- 
tation, to be held in Philadelphia 
Nov. 23-24. The Benjamin Franklin 
Hotel meeting will be sponsored by 
the Instrument Society of America, 
American Institute of Electrical 
Engineers, and The Institute of 
Radio Engineers. 

Separate sessions will be devoted 
to fundamentals of solid state tech- 
niques; solid state circuits and de- 
vices; solid state instruments and 
systems; and systems, reliability, 
and computer control. In all, 16 
papers will be presented. An equip- 
ment display is also on the agenda. 

For further information, contact: 
Frank G. Daveler, Symposium 
Chairman, International Resistance 
Co., 401 N. Broad St., Philadelphia 
8, Pa. 


THE ENGINEERING INDEX 


Here is a guide to the current 
technological literature of the 
world. More than 1500 bulle- 
tins, reports, transactions, and 
periodicals are reviewed and 
abstracted to supply engineers 
with up-to-the-minute devel- 
opments in their respective 
fields of interest. Information 
on a range of 249 subject divi- 
sions is classified on 3x5 in. 
cards, then passed on to sub- 
scribers to the index service 
in the form of daily and weekly 
reports. 

You can choose as much or 
little of the service as you need, 
at a cost to fit your budget. 
For a free 16 pp. catalogue 
listing divisions, prices, and 
additional information, write: 


The Engineering Index, 29 W. 
39th St., New York 18. 
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ENGINEERING MANAGEMENT CONF. REVIEWED 


iiinies of the Seventh Annual 
Engineering Management Confer- 
ence, held in Los Angeles, Sept. 17- 
18, was the importance of engineer- 
ing management to the future of the 
US. These days of accelerating 
material progress and complex man- 
machine problems in a partly di- 
vided world require continued prog- 
ress in engineering management if 
the nation is to maintain its position 
as a world power. 

That great significance is attached 
to this subject was evident from the 
fact that an overflow crowd of 450 
registrants was greeted by commun- 
ications from the President, Vice 
President, Governor of California, 
and Mayor of Los Angeles. 

This Conference also marked the 
debut of The Metallurgical Society, 
AIME, as one of its sponsors. 

Meetings the first day were con- 
cerned with the development of en- 
gineering managers. The speakers 
were J. L. Young, vice president, 
U.S. Steel Corp.; F. F. Bradshaw, 
chairman of Richardson, Bellows, 
Henry and Co., Inc.; L. G. Dunn, 
president, Space Technology Labor- 
atory, Inc.; J. L. Atwood, president, 
North American Aviation, Inc.; and 
B. S. Grant, chief engineer, Dept. of 
Water and Power, City of Los 
Angeles. 

They not only discussed the selec- 
tion and training of engineering 
managers, but also the complexity 
and importance of the problems 
they are called upon to face today. 
While many of the attributes of the 
potential manager were agreed 
upon, it was also made clear that 
our knowledge of how to develop 
the effective manager is limited. 
Training on-the-job, with the re- 
sponsibility it entails, appears to be 
a most important step. To combine 
the technical knowledge, judgment, 
administrative and leadership skills 
to guide the complicated systems 
developments of our times certainly 
requires the utmost in engineering 
management. To develop such men 
is a task vital to the future of the 
nation. 

The Banquet speaker was the 
Hon. George Clyde, Governor of 
Utah. He spoke eloquently on the 
Development of Engineering States- 
manship, emphasizing the need for 
more engineer-managers in high 
policy making positions, both in 
government and industry. 

The next session on New Concepts 
of Engineering Controls had as par- 
ticipants H. H. Goode, prof. of elec- 
trical engineering, University of 
Michigan; J. S. Sayer, technical co- 
ordinator, Engineering Dept., Du- 
Pont; and N. J. Ream, director of 
systems planning, Lockheed Aircraft 
Corp. Stressed by the speakers were 
the new tools available and their 
methods of utilization to improve 


engineering control through more 
rapid and thorough data gathering, 
handling, and dissemination. 

The final session on Engineering 
Planning involved W. T. Nichols, 
Arthur D. Little, Inc., and G. P. Sut- 
ton, chief scientist of ARPA. They 
discussed both the problems faced 
and the new technical and machine 
methods of attack on engineering 
planning in these days of increas- 
ingly complex projects. 

The value of the information pro- 
vided by the speakers was evident 
in the rush for copies of papers. 
The importance of engineering man- 
agement is increasing to the extent 
that the AIME is now considering 
holding sessions of its own on this 
subject, in addition to participation 
in the Annual Conference. The next 
Annual Conference will be held in 
Chicago next Fall. 

A Joint Committee composed of 
members of five engineering socie- 
ties, including The Metallurgical So- 
ciety, AIME, was under the chair- 
manship of Hugh A. Bogle. A local 
Steering Committee led by David D. 
Acher planned and presented the 


program. 
Bruce S. Old 


Plan Symposium 
on Hydrometallurgy 
for Australia 


A Symposium on Hydrometal- 
lurgy, entitled the Wet Processing 
of Minerals and Industrial Products 
is planned for Adelaide, S. Aus- 
tralia, Feb. 16-19, 1960. 

The technical program calls for at 
least 12 papers covering the areas 
of wet sizing processes . . . agitation 
. . . liquid-solid separation . . . and 
recovery processes. 

Those interested in attending the 
Symposium, obtaining preprints, or 
obtaining further information should 
write: The Aus. I.M.M. Symposium 
Secretary, c/o South Australia Dept. 
of Mines, Osman Place, West The- 
barton, Adelaide, S. Australia. 


Tool Engineers 
Plan Seminars 


Problems of Machining Space Age 
Metals is the topic of the first sem- 
inar in a 1959-1960 series sponsored 
by the American Society of Tool 
Engineers. Machining methods, such 
as electro-discharge and chem-mill- 
ing, as well as developments in 
vacuum-melted castings and powder 
metallurgy will be discussed at the 
Nov. 17-18 meeting in the Sheraton 
Hotel, Philadelphia. 

For more information on this and 
succeeding seminars, contact the 
American Society of Tool Engineers, 
10700 Puritan St., Detroit 38, Mich. 


MORRIS COHEN 


Cohen Given Medal 
by Franklin Institute 


Morris Cohen, professor of physical 
metallurgy at the Massachusetts In- 
stitute of Technology, received the 
Francis J. Clamer Medal from The 
Franklin Institute on Oct. 2lst. The 
award’s citation read: “For his as- 
siduous investigation and lucid ex- 
position of the physical metallurgy 
of the heat treatment of steels as 
well as for a continuous high order 
of excellence of researches and pub- 
lications covering the entire field of 
physical metallurgy.” 

Dr. Cohen is particularly known 
for his work with martensite. Eugene 
S. Machlin and he both received 
Mathewson Gold Medals and Annual 
Award Certificates from the Insti- 
tute of Metals Division in 1954 for 
a series of papers on martensite 
transformation. In 1950, he shared 
the Medal and Award with William 
Harris, Jr. 

Besides his teaching duties at MIT, 
Dr. Cohen is a consultant to the US 
Atomic Energy Commission, and a 
member of several government 
panels and advisory committees. He 
has been a member of the AIME 
since 1936, and is active in IMD 
committee work. 


Journal Translated 


Britian’s Production Engineering 
Research Association (PERA) is 
making cover-to-cover translations 
of the Russian journal, Stanki i In- 
strument, under the title Machines 
and Tooling. 

The English version of the maga- 
zine has covered such subjects as 
high-frequency heating, the devel- 
opment of ceramic tooling for metal 
cutting, ultrasonics, and _ others. 
Orders for Machines and Tooling 
may be sent to the Secretary, Pro- 
duction Engineering Research Asso- 
ciation, Melton Mowbray, Leics, 
England. Subscription rate for US 
residents is $11.65 for one year. 
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Family Influences 
Choice of Engineering, 
Survey Finds 


The family exerts the greatest 
specific influence over whether or 
not a college freshman goes into 
engineering—so found a survey by 
the Guidance Committee of the 
Engineers’ Council For Professional 
Development. 

Based on nearly 10,000 replies 
from a geographic cross section of 
23 randomly-selected colleges, 25.7 
pet said that their families’ wishes 
caused them to choose engineering. 
However, their replies were also 
characterized by an independence of 
thought. Fully 44.7 pet gave reasons 
other than those specifically offered 
by the questionnaire. Among these 
“others,” reasons given ranged from 
personal interest to job opportunity, 
aptitude, or previous school courses. 

Another trend noted by the sur- 
vey was that the availability of a 
scholarship seemed to have little 
influence upon their choice of engi- 
neering. Only 3.1 pct named it a 
prime consideration. The influence 
exerted by high school counselors 
was also given short notice. Only 
5.5 pet of the 10,000 replies credited 
a counselor with stimulating a pref- 
erence for engineering. 

In its conclusions, the Guidance 


Change of Address 


Old Mailing Address 


Personals Form 


Former Company 


— 


New Company 


New Company Address _ 


New Title — 


Committee recommended continued 
emphasis on parent group education 
in engineering’s opportunities. 
“Counsel to the counselors” was also 
suggested. The fact that teachers’ 
advice was more influential than 
counselors (12.1 pct vs 5.5 pct) “in- 
dicates that we should bring the 
high school teachers into our field 
of activity,” the survey notes. “This 
applies particularly to the mathe- 
matics and science teachers.” 


Sheet Metal Forming 
Subject of 1960 
Paris Meeting 


A Colloquium on Sheet Metal 
Forming, sponsored by the Société 
Francaise de Métallurgie and the 
International Deep Drawing Re- 
search Group, will take place in 
Paris, May 23-25, 1960. Methods of 
testing will receive prime consider- 
ation, with a tentative schedule 
calling for sessions on Theoretical 
Studies of Sheet Metal Forming and 
the Materials Used in Sheet Form- 
ing .. . Sheet Metal Testing . . . and 
New Techniques of Sheet Metal 
Forming. 

For more information, contact: 
Dr. S. Garber, Secretary, I.D.D.R.G.., 
British Iron and Steel Research As- 
sociation, Hoyle St., Sheffield, 3, 
Yorks, England. 
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VTo be sure that you receive your publications 
and correspondence promptly, prcene fill in the 


form below and send it to The Metallurgical So- 
ciety of AIME, 29 W. 39th St., New York 18, 
N.Y. 


VW Personals: Please list below your former com- 

pany and title and your new title and company 
(or new work) for use in JounNAL or METALS. 
(Copy deadline for personals items is six weeks 
before date of issue.) 


Length of Time There 


Dote of Change 


NBS Journal 
Divided by Subject 


The Journal of Research of the 
National Bureau of Standards has 
taken a new format. It is now being 
published in four separate sections, 
grouped according to field of inter- 
est. The division “is an effort to meet 
more effectively the specialized 
needs of today’s scientists, engineers, 
and mathematicians,” explains the 
Bureau of Standards. 

Section A, Physics 2ne Chemistry, 


will cover a broad rane« »hysical 
and chemical rescare* h major 
emphasis on standerd: physical 
measurement, fundamental  con- 
stants, and propertics of matter. 


Subscription price is $4 « year for 
six issues. 

Section C, Engineering and In- 
strumentation, also comes within 
the metallurgical province. The sec- 
tion will report results of interest to 
the engineer and applied scientist. 
It will include many of the new de- 
velopments in instrumentation re- 
sulting from the Bureau’s work in 
physical measurement, data process- 
ing, and development of test meth- 
ods. Applied mechanics, properties 
of engineering materials, building 
research, and cryogenic engineering 
will also be covered. To be issued 
quarterly, the annual subscription 
price is $2.25. 


PROPOSAL FOR AIME 
MEMBERSHIP 

I consider the following per- 

son to be qualified for member- 


ship and request that a mem- 
bership kit be mailed to him: 


Name of Prospective Member: 


) 
‘ 
| 
Name of AIME Member: ; Be 
Any recent activity that would be of interest to members: * pian — 


Drop in Engineering Rolls 
Not Laid To Tech Institutes 


The 11.1 pct drop in freshman 
engineering enrollment in 1958 (as 
reported on p. 639 of the September 
issue) did not come from increased 
attendance at two-year technical 
schools, a survey by the Engineering 
Manpower Commission of the Engi- 
neers Joint Council has revealed. 

“There appears to be no evidence 
that drop-off in engineering stimu- 
lated diversion of technical field can- 
didates to the institutes, but rather 
that enrollment at both levels was 
—in this period in time—affected in 
the same way,” the report explains. 

Freshman enrollments in technical 
institutes accredited by the Engi- 
neers’ Council for Professional De- 
velopment in 1958 increased 1.2 pct 
over 1957. But, because the rise was 
far less than the 10.2 pct rise over 
1956, it is consistent with the engi- 
neering school reduction. 

Of those institutes reporting, 45 
pct predict an increase in enrollment 


NECROLOGY 


Date Date of 
Elected Name Death 


Accorsi, Louis July 5, 1959 
Aldridge, Walter H. Aug. 14, 1959 
(Legion of Honor) 

Baldwin, R. W. July 26, 1959 
Barker, C. T. June 8, 1959 
Bowditch, Richard L. July 31, 1959 
Bugbee, Jas. M. 

Burgess, Blandford C. 

Dorn, Basil 

Kennedy, Harry G. 

Krebs, Kellogg 

Lusk, Harold C. 

Lyon, Thomas 

Owen, William J. 

Porter, W. E. 

Riddell, Guy C. 

(Senior Member) 

Rosenblatt, G. B. July 
Taggart, A. F. Aug. 
Wainwright, W. E. May 
(Legion of Honor) 

Weekes, Frederic R. Sept. 
(Legion of Honor) 

Wood, William B. Aug. 
Zelenkov, Sergei Aug. 


15, 1959 
22, 1959 
3, 1959 


2, 1959 


6, 1959 
16, 1959 


Let's get clear on— 
WHAT ENGINEERS DO 


Simply stated, engineers apply the sciences 


to give people use of natures materials, forces 


Scientists make it known. Engineers make it 


useful 


Scientists split the atom: engineers desig: 


and build the atomic power plants 


All science known would benefit: nobox 
not applied by engineers to manufactur 


struction. mining. agriculture 


of power 


These are the great engineered industries 


all based on scientific knowledge 


Engineers plan, design, produce 


and operate. To repeat: Scientists m 


known. Engineers make it useful 


Engineers Joint Council 
29 West 39th St. N.Y. 18. 


For information call Pennsylvania 69220 


this Fall, while another 45 pct expect 
it to remain stable. Ten per cent ex- 
pect a decrease. 

One of the comments offered by 
institute officers is as follows: 

“Technical institute education 
must not be viewed as suitable only 
for those students who fail or who 
are not accepted in engineering col- 
leges. This puts a stigma on the work 
and causes students to lose respect 
for the training. 

“It must be presented as aca- 
demically respectable and being 
worthy of first, rather than second- 
ary consideration.” 

Another offered the following ob- 
servation: 

“It was thought that enrollments 
would not increase very much before 
1960, and of course, snowball be- 
tween 1960 and 1970. The fact that it 
has increased the last few years 
represents the fact that students, in 
increasing proportions, are going to 
college. 

“We feel that industry is becoming 
increasingly aware of the importance 
of Technical Institute education. In- 
dustry is using our graduates where 
they used engineers 20 years ago, 
and now are using engineers for 
supervision and research. We feel 
that this is as it should be. Probably 
the greatest advancement in educa- 
tion in the last 10 years and the next 
25 years is in the area of technical 
institute and community college 
education. Certainly this is true in 
New York state, and California was 
25 years ahead of us in the two-year 
college movement. 

“However, this problem of engi- 
neering vs technical institute educa- 
tion will resolve itself, because in the 
next 10 years, all schools will 
have more qualified applicants than 
they can accept.” 


MEMBERSHIP 


Proposed for Membership 
Metallurgical Society of AIME 


Total AIME membership on Oct, 1, 1959, 
was 32,718; in addition 2,751 Student mem- 
bers were enrolled 

ADMISSIONS COMMITTEE 

L. L. Seigle, Chairman; W. L. Brytczuk; 
F. B. Foley; T. D. Jones; Harold Margolin; 
Shadburn Marshall. 

The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 

Members 
Beattie, Harry J., Jr., Schenectady, N.Y. 
Benson, Kenneth E., Murray Hill, N.J. 
Breyer, Norman N., Chicago, Il. 
Crooks, Sheridan R., Cleveland, Ohio 
Czarnecki, John, Lomita, Calif. 
Franco, Lopez M., Mexico D. F., Mex. 
Goldhoff, Robert M., Schenectady, N.Y. 
Hoene, Louis E., Jr., Birmingham, Ala. 
Illis, Alexander, Copper Cliff, Ontario, 

Canada 
Jeffery, Warren C., Birmingham, Ala. 
Johnson, Walter R., Weymouth, Mass. 

Jones, S. Howard, Salt Lake City, Utah 
King, Cristopher S., Windsor, Ontario, 

Canada 
Lawson, Stanley P., Johannesburg, S. Africa 
MeVicker, Paul, Niagara Falls, N.Y. 

Nichols, Frank R., Davenport, Iowa 

Porterfield, Jack N., Wheatridge, Colo. 

Slifkin, Lawrence M., Chapel Hill, N. C. 

Spinelli, Filbert E., Cincinnati, Ohio 

Tanczyn, Harry J., Baltimore, Md. 

Weisberg, Leonard R., Princeton, N.J. 

Williams, Alan J., Ottawa, Ontario, Canada 
Associate Members 

Jordan, Emmett M., Louisville, Ky. 

Trushel, Richard C., Webster Groves, Mo. 
Junior Members 

Carter, Charles W., Ontario, Calif. 

Danver, William M., Pittsburgh, Pa. 

Martin, Robert L., Jr., Dallas, Tex. 

Rahn, Hilton N., Allentown, Pa. 

Sathianageeswaran, K. S, Rourkela, India 

REINSTATEMENT—CHANGE OF STATUS 

Student to Junior 

Evans, Kenneth R., Seattle, Wash. 


OBITUARIES 


Accorsi, Louis (member 1958) died 
on July 5th. Mr. Accorsi was Melter 
Foreman at the Cleveland works of 
Jones & Laughlin Corp. at his death. 


PROFESSIONAL SERVICES 


Limited to AIME members, or to com- 
panies that have at least one AIME 
member on their staffs. Rates $50 per 
year per inch. 


H. L. TALBOT 
Consulting Metallurgical Engineer 


Extraction and Refining of Base Metals 
Specializing in Cobalt and Topper 


Room 911, 209 Washington St. 
Boston 8, Mass. 


MAX STERN 
Consulting Engineer 
Expert for Scrap Recovery and Ship- 
wrecking — Modernization of Plants 
and Yards for Ferrous and Nonferrous 
Metal Scrap 
10 East 40th St. New York 16,N. Y. 


DR. E. TSUTSUMI 
Registered Japanese Patent Attorney & 
Consulting Engineer 
PATENT MATTERS handied .. . TECH- 
NICAL TEXT translated from Japanese 
into English or vice versa: 2¢ an English 
word 


Central P.O. Box 1545 Tokyo, Japan 
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Coming Events | ADVERTISER'S INDEX. 


— 2-5, Fall Meeting of The Metallurgical American Ceramic Society. The . Lockheed Missiles and Space Division _ 730 
of AIME, Mersicen Hotel, Chisage. Wheeler-Kight & Gainey, Inc. Hal Stebbins Inc. 


Nov. 4-6, American Nuclear Society, Winter | american Optical Co. 767 — Marshall Products Co. 


Meeting, Sheraton Park Hotel, ashington. 
The J. G. Kelly Co., Inc. Weber, Geiger & Kalat, Inc. 
Nov. 6, AIME, Pittsburgh Section Off-the-Rec- 
ord Meeting, Penn-Sheraton Hotel, Pittsburgh. Argonne National Laboratory ° Michigan Chemical Corp. 26 
Grant, Jacoby Studios. Inc. Aves, Shaw & Ring, Inc. 
Nov. 9-11, 14th Technieal and Operating Con- 
ference, Steel Founders’ Society of America, Bailey Co., Wm. M. ad Molybdenum Corp. of America : 
Carter Hotel, Cleveland. Downing Industrial Adv., Inc. Smith, Taylor & Jenkins, Inc. 
Nov. 10, AIME, NOHC Buffalo Section, 1 P 
Annual Meeting, Royal Connaught Hoe Baird-Atomic, Inc. Morgan Construction Co. 
Hamilton, Ontario, Canada. S. Gunnar Myrbeck & Company, Inc. Davis Press, Inc., The 


Nov. 16-20, Comference on Magnetism and . 
Magnetic "Materials, sponsored wt the AIEE, Basic, Incorporated . Norton Co. 
The Metallurgical Society, and others, Shera- Duffy, McClure & Wilder, Inc. James Thomas Chirurg Co. 
ton-Cadillac Hotel, Detroit. 
* 
Dec. 1-5, Symposium on Structural Changes in Bell Telephone Labs. Ohio Ferro-Alloys Corp. ” 
Metals and Alloys, co-sponsored by the In- N. W. Ayer & Son, Inc. Frease & Shorr Adv. 
Metals Dept. of Metal- 
. India titute of Science, Bangalore, one ‘ 
fied 714 Philips Electroncis, Inc. 724-725 ‘ 
— Anders Associates Adv. 
Der. 2-3, The Iron and Steel Institute (of the ing 
UK) Autumn General Meeting, London. Carborundum Co. Radio of 
Dec. 2-4, AIME 17th Electric Furnace Con- Carborundum -~ a Co., Div. Al Paul Lefton Co., Inc. 
ference, Hotel Cleveland, Cleveland, Ohio. Comstock & C ; 
Dec. 7, AIME Arizona Section, Annual Meeting, Consolidated Electrodynamics Corp. 
Tucson. Rochester Div. 
Wolff Associates, Inc. 
Jan. 20, 1000, AIME, Second Conference Robinson Clay Product Co. 
Flat ucts, rado Hote 
Doe-Anderson Adv. Agency 
sium, spensored by Strain Gage Readings, Ari- : * e Stuart Co. / 
zona State University, Tempe, Ariz. 
Stokes Corp., F. J. ° 
Feb, 14-18, 1960, AIME Annual Meeting, Hotel 
McAlpin and Hotel Statler, New Y Ferro Engineering Division : The Aitkin-Kynett Co. g? 
Oglebay Norton Company 
Feb. 16-19, 1960, Symposium, on peydoemet- C. A. Reece Industrial Publicity Sylvania Electro Products, Inc. 
"The —— Institute Chemical & Metallurgical Diy. Cover IV 
of Mining & Metallurgy, Adelaide, Australia. Frankel Co., Inc. * J. Walter Thompson Co. 
Denham & Co. 1" 
Mar. 9-10, 1960, Symposium on Processing : : Taylor Sons Co., The Chas. ° m 
of Materials for Re-entry Structures, The Mid- General Atomic Div. . The Keelor & Stites Co. 
West Society of Aircraft Materials and Process General Dynamics 
Engineers, Dayton, Ohio. B ‘ . ‘ 
iarnes Chase Co. Union Carbide Metals Co. Div. 717, 731 
Mar. 15-21, 1960, Third International Con- Genera! Refractories Co 
ference on Nondestructive Testing, Tokyo, Mar. L is & Gil . M. Mathes, Inc. 
15-18; Osaka, Mar. 21. 
United States Graphite Co., The : 
Apr. 3-8, 1960, Sixth Nuclear Engineering and Great Lakes Carbon Co. , Price, Tanner & Willoz, Inc. 
Science Conterence, Coliseum, ee York. Davis, Parsons & Strohmeier, Inc. 4 
U. S. Steel Corp. 712-713 
Apr. 4-6, 1960, AIME 43rd National Open Harbison-Walker Refractories Co. 
Hearth Steel Conference and Blast Furnace, Downing Industrial Adv. Inc. Columbia-Geneva Steel Div. 7 
Coke Oven, and Raw Materials Conference, Tennessee Coal & Iron Div. 
Palmer House, Chicago. Hevi-Duty Electric Co. A U. S. Steel Supply Div. i 


U. S. Steel Export Co. . 
Apr. 19-22, 1960, International Symposium on Batten, Barton, Durstine & Osborn, Inc. 


the Metallurgy of Plutonium, sponsored by = 
the Societe Francaise de Metallurgie and the Ilinois Clay Products Co. 
Unitron Instrument Div. 711 


The Cramer-Krasselt Co. 


French Atomic Energy Commission, Gren- Connor Assoc., Inc. 
oble, France. United Scientific Co. 
International Nickel Co. 720 Larcom Randall Adv., inc. . 
Apr. 21-22, 1960, Southwest y= Min- Marschalk & Pratt 
erals Conference, Ambassador Hotel, Los An- . 
geles, Calif Utica Drop Forge and Tool . 
Lectromelt Furnace Div. Cover Ill Div. of Kelsey-Hayes Co. 


Zimmer, Keller & Calvert, Inc. 


May 25-26, 1960, AIME Symposium on Re- McGraw-Edison Co 
fractory Metals and Alloys, McGregor Mem- 
orial Conference Center, Wayne State The Griswold-Eshieman Co. Vell Mould & | fa ‘ 
alley Mou ron Corp. 


University, Detroit. 


Leitz, Inc., E. 719 
May 26-27, 1960, The Metallurgical Society, L. W. Frohlich and Company Walsh Refractories Corp. * 
New England Regional gg Ralph Smith Adv. Ag 
Developments in Metalworking, Statler-Hilton ency 
Hotel, Boston. Lindsay Chemical Div. 726 
American Potash & Chem. Corp. Wyman-Gordon Co. Cover Il 
June 9-10, 1960, AIME Columbium Sympo- C. Frankie Brows, ine. The Davis Press, Inc. 
sium, sponsored by the Hudson-Mohawk sec- 
tion, Hotel Sagamore, Lake George, N. Y. * Previous issue. 
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New 200-ton Lectromelt furnace 
swings into service at Republic Steel 


This new 24-foot, 200-ton top-charge-type Lectromelt electric 
furnace is powered for large-scale production... built for 
maximum availability, minimum downtime between heats. 


For your new melting capacity contact Lectromelt. As the 
world’s most experienced builder of electric furnaces we 
deliver perforriance. Lectromelt Furnace Division, McGraw-Edison 
Company, 326 32nd Street, Pittsburgh 30, Pennsylvania. 


Breakthrough in 50/50 Tungsten-Molybdenum! 


Arrve SOLID SOLUTION of tungsten 
and molybdenum is now in produc- 
tion at Sylvania. Finished ingots and 
electrodes can be made to contain 
any proportions of these metals, in- 
cluding 50/50. 

The new Sylvania process assures 
a true solid solution throughout every 
ingot . . . an assurance never possible 
with other processes. 

This breakthrough results in a vir- 
tually new metal . . . combining many 


Subsidiary of 


¥SYLVANIA® 


GENERAL TELEPHONE & ELECTRONICS 


of the best qualities of both tungsten 
and molybdenum with hitherto un- 
obtainable uniformity. 


Sylvania currently is turning out 
arc-casting electrodes and direct-forg- 
ing ingets in sizes up to 4 feet long 
and 5 inches in diameter. New equip- 
ment now being installed will yield 
ingots to 10 inches in diameter and 4 
feet in length. Ask your Sylvania 
representative for further details, or 
write to the address below. 


Sytvanta Exectric Propucts Inc. 


Chemical & Metallurgical Div. 


Towanda, Penna. 


5 


